Eye Movement Related Single-Unit Recording In The Nucleus Reticularis Tegmenti Pontis In The Alert Monkey by Crandall, William Franklin, Jr.
University of the Pacific 
Scholarly Commons 
University of the Pacific Theses and 
Dissertations Graduate School 
1981 
Eye Movement Related Single-Unit Recording In The Nucleus 
Reticularis Tegmenti Pontis In The Alert Monkey 
William Franklin Crandall Jr. 
University of the Pacific 
Follow this and additional works at: https://scholarlycommons.pacific.edu/uop_etds 
 Part of the Animal Sciences Commons, Biology Commons, and the Physiology Commons 
Recommended Citation 
Crandall, William Franklin Jr.. (1981). Eye Movement Related Single-Unit Recording In The Nucleus 
Reticularis Tegmenti Pontis In The Alert Monkey. University of the Pacific, Dissertation. 
https://scholarlycommons.pacific.edu/uop_etds/3358 
This Dissertation is brought to you for free and open access by the Graduate School at Scholarly Commons. It has 
been accepted for inclusion in University of the Pacific Theses and Dissertations by an authorized administrator of 
Scholarly Commons. For more information, please contact mgibney@pacific.edu. 
EYE MOVEMENT RELATED S INGLE-UNIT  RECO RD IN G  IN  THE 
NUCLEUS RETICULARIS  TEGMENTI  PONTIS  
IN  THE ALERT MONKEY 
by  
W ILLIAM F .  CRANDALL, . JR .  
A  D i s s e r t a t i on  P r e s en t ed  t o  t he  G ra dua t e  F acu l t y  
o f  t h e  U n i v e r s i t y  o f  t h e  P a c i f i c  
i n  P a r t i a l  F u l f i l l m e n t  
o f  t he  
Re qu i r emen t s  f o r  t he  Deg ree  
D O C TOR OF  PHILOSOPHY 
SAN FRANCISCO,  CALIFORNIA 
1980 
ACKHQyLEQGEHfiMJS 
h a v i n g  " s u g g e s t e d ^ T i n ^ h e r " o w n  a n  A n . n e t t e  U *  C r a n d a l l  f o r  
c o l l e g e .  F r a n k l i n  C r a n d a l l  a i u s "  s p e c i a l  w a y )  t h a t  I  g o  t o  
b y  s t r e s s i n g  p l e a s u r e  a n d  m e a n i n g  i ? *  * *  l d e a l s  i n  b a l a n c e  
H a n d l e y  t a u g h t  m e  i n  h i g h  s c h o o l t h J f  ° c c u P a t i © n .  H u r b e r t  
w i r e s  a n d  b a t t e r i e s .  " l V ? ? B r y a n ?  J f i V t "  W 3 S  m 0 r e  t h a n  
i d e a s .  V e r y  w a r m  a f f e c t i o n  » - o  y a n t  f i r s t  e x p o s e d  m e  t o  
f r i e n d ,  B .  E .  M u l l i g a n  w h o  h  m V  i T 3 3 1  r e s P e c t e d  t e a c h e r  a n d  
a n d  h a s ,  a l o n g  w i t h  a n o t h p r T 8  # .  " * ! !  i " t 0  g r a d u a t e  s c h o o l  
M a n f r e d  M a c k e b e n  k e n t  m e  \ r " S t e d  a n d  a d v i s o r ,  
H i r s h m a n ,  F r a n c i s P a r k i n , « „  5 7 * '  B a r t  R a y '  * " « u f e r  
a l w a y s  s h o w n  a  s e r i o u s  i n t e r e s t  i n g o t s 1  M a r c i a n t e  h a v e  
p r o f e s s i o n a l  i n t e r e s t s  -  w h i c h  h A  1 , 5  m y  P e r s ® " a l  a n d  
p e r s p e c t i v e .  H a v ^ g  '  e r t  t l l e  S i  t H  ̂  „ t 0 , t M n g S  i n  
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ABSISAGI 
N u c l e u s  R e t i c u l a r i s  T e g m e n t i  P o n t i s  ( N  R  T P )  i s  a  
s t r u c t u r e  w h i c h  l i e s  i n  t h e  m i d  b r a i n  v e n t r a l  t o  t h e  
o c u l o m o t o r  c o m p l e x *  A n a t o m i c a l  s t u d i e s  s t r o n g l y  i m p l i c a t e  
i t  i n  o c u l o m o t o r  f u n c t i o n  a s  m o s t  o f  i t s  i n p u t s  a n d  o u t p u t s  
a r e  t o  s y s t e m s  p r e v i o u s l y  s h o w n  t o  b e  i n t i m a t e l y  i n v o l v e d  
i n  e y e  m o v e m e n t  g e n e r a t i o n  -  s u p e r i o r  c o l l i c u l u s C S C )  a n d  
c e r e b e l l u m .  T h e s e  r e p o r t s  s h o w  a n  i n t e g r a t i v e  s t r u c t u r e  
w i t h  i n p u t s  a n d  o u t p u t s  d i s t r i b u t e d  i n  a  w a y  w e l l  s u i t e d  
f o r  p e r f o r m i n g  r e l a y  a n d  f e e d b a c k  t a s k s .  
P h y s i o l o g i c a l  d a t a  i n  t h e  a l e r t ,  .  t r a i n e d  m o n k e y  h a s  
b e e n  g a t h e r e d  i n  a n  a t t e m p t  t o  c h a r a c t e r i z e  t h e s e  n e u r o n s  
a n d  t o  c l a s s i f y  t h e m  i n  f u n c t i o n a l  t e r m s .  
T h r e e  m o n k e y s  w e r e  t r a i n e d  t o  p e r f o r m  t a s k s  r e l a t e d  t o  
r a p i d  ( s a c c a d i c )  o r  s l o w  ( p u r s u i t )  e y e  m o v e m e n t  p r o d u c t i o n .  
U n i t s  w e r e  i n i t i a l l y  d i v i d e d  i n t o  t w o  g r o u p s ;  t h o s e  a c t i v e  
o n l y  i n  a s s o c i a t i o n  w i t h  s a c c a d e s  ( P u r e  B u r s t  u n i t s )  a n d  
t h o s e  r e m a i n i n g  a c t i v e  d u r i n g  t h e  i n t e r s a c c a d i c  i n t e r v a l  
( S p o n t a n e o u s l y  A c t i v e  u n i t s ) .  T h i s  l a t t e r  c a t e g o r y  w a s  
f u r t h e r  s u b d i v i d e d  o n  t h e  b a s i s  o f  t h e  r e g u l a r i t y  o f  
i n t e r s a c c a d i c  d i s c h a r g e ,  e x p i t a t i o n  o r  i n h i b i t i o n  d u r i n g  
s a c c a d e s ,  m o d u l a t i o n  d u r i n g  p u r s u i t  t r a c k i n g ,  m o d u l a t i o n  b y  
f i x a t i o n  p o s i t i o n , . a n d  v i s u a l  s e n s i t i v i t y .  
O f  t h e  7 0  u n i t s  j u d g e d  t o  l i e  w i t h i n  o r  c l o s e  t o  t h e  
i v  
percent of the Pure Burst units had a maximum of activity 
associated with saccades made to a particular location in 
the saccadic field - the movement field (MF). Some of these 
also had a sensitivity to the visual reward target. In 
these respects,.the NRTP shares similarities with units 
within the intermediate layers of the superior colliculus -
one of its major inputs. 
° f  t h e  2 5  S p o n t a n e o u s l y  A c t i v e  u n i t s ,  
Burst/Spontaneous units (12) possessed an uneven ongoing 
discharge rate during intersaccadic fixation which was, for 
most units ,insensitive to fixation position. These units 
either burst in one direction and paused in the other or 
displayed a burst-pause sequence in one direction and were 
unmodulated for saccades in the opposite direction. Forty-
three percent of the Burst/Spontaneous units had a movement 
field. Burst/Spontaneous Pursuit units (3) discharged 
unevenly during fixation, burst for saccades in certain 
directions, and were modulated during smooth pursuit. 
Burst/Tonic" units (4) discharged at high and regular 
rates during fixation and burst-paused for saccades in 
certain directions. The tonic discharge of two of these 
units was sensitive to fixation position. Pause units (6) 
paused for saccades in most directions, and in some cells 
had a spontaneous rate which was modulated by fixation 
position and during certain phases of pursuit tracking. 
v 
T h e  r e s u l t s  s h o w  t h a t  u n i t s  f o u n d  i n  N R T P  s h a r e  m a n y  
c h a r a c t e r i s t i c s  w i t h  t h o s e  s t r u c t u r e s  t o  w h i c h  N R T P  f o r m s  
i t s  m a j o r  c o n n e c t i o n s .  T h e  M F  u n i t s  i n  N R T P  a r e  m u c h  l i k e  
t h o s e  i n  S C .  H o w e v e r ,  t h e  o n s e t  o f  a c t i v i t y  i s  w e l l  o u t s i d e  
t h e  r a n g e  r e p o r t e d  f o r  S C .  T h e  P u r e  B u r s t  u n i t s  a p p e a r  t o  
l a c k  t h e  s t r o n g  b u r s t - d u r a t i o n  r e l a t i o n s h i p  a n d  t h e  
S p o n t a n e o u s l y  A c t i v e  u n i t s  a p p e a r  t o  l a c k ,  t h e  s t r o n g  
p o s i t i o n  d e p e n d e n c y  f o u n d  i n  t h e  c e r e b e l l u m .  
IMISQBUCIIQfJ 
Qsuiosa-tac Ewnsiiaa 
T w o  m e c h a n i s m s  e x i s t  i n  m a n y  v e r t e b r a t e s  w h i c h  
o p t i m i z e  v i s u a l  p e r f o r m a n c e  b y  r e d u c i n g  t h e  r e l a t i v e  m o t i o n  
o f  t h e  r e t i n a l  i m a g e  o v e r  t h e  r e c e p t o r  s u r f a c e .  F i r s t ,  t h e  
v e r y  s h o r t  l a t e n c y  v e s t i b u l o o c u l a r  r e f l e x  i s  p a r t i a l l y  
r e s p o n s i b l e  f o r  h o l d i n g  t h e  l i n e  o f  s i g h t  r e l a t i v e l y  f i x e d  
i n  s p a c e  d u r i n g  h e a d  r o t a t i o n s .  T h i s  s y s t e m  a l s o  
c o n t r i b u t e s  t o  t h e  p e r c e p t u a l  d i f f e r e n t i a t i o n  b e t w e e n  
m o v e m e n t s  o f  t h e  h e a d  a n d  m o v e m e n t s  w i t h i n  t h e  v i s u a l  
f i e l d ,  i t s e l f  ( W a l l s ,  1 9 6 2 ) .  T h e  v i s u a l  c o m p e n s a t i o n  
p r o d u c e d  b y  t h i s  m e c h a n i s m  i s ,  h o w e v e r ,  n o t  p e r f e c t  
( e s p e c i a l l y  a t  v e r y  l o w  f r e q u e n c i e s  o f  m o t i o n )  a n d  i s  
s u p p l e m e n t e d  b y  a  s e c o n d  a n d  p u r e l y  v i s u a l  c o m p e n s a t o r y  
m e c h a n i s m ,  t h e  o p t o k i n e t i c  r e s p o n s e .  
B o t h  t h e  v e s t i b u l o o c u l a r  a n d  t h e  o p t o k i n e t i c  e y e  
m o v e m e n t  r e s p o n s e s  a r e  c o m p o s e d  o f  t w o  c o m p o n e n t s .  A  s l o w  
p h a s e  c o m p o n e n t  a c t s  t o  s t a b i l i z e  t h e  r e t i n a l  i m a g e .  L e f t  
1 
2 
unchecked, this component would carry the eye into an 
extreme gaze position and hold it there. A fast phase 
component in the opposite direction intermittently occurs 
which quickly recenters the eye in preparation for the next 
slow "stabilizing" phase. 
Saccades 
Image stabilization during head rotation is, however, 
not the only function of the oculomotor system. The retina 
of many vertebrates possess both a large peripheral region 
of low spatial resolution and a small region of high 
spatial and chromatic resolution. The peripheral region is 
relatively more sensitive to the presence of moving stimuli 
than to stationary ones. This specialization implies a 
mechanism capable of moving the region of superior 
resolving power to the stimulus image for evaluation. This 
f a s t  e y e  m o v e m e n t  ( s a c c a d e ) ,  i s  p r a c t i c a l l y  
indistinguishable from the fast phase of vestibulocular and 
optokinetic eye movements described above (Ron, et al, 
1972). This orienting function, therefore, may have 
developed as an outgrowth of the pre-existing "fast phase" 
networks. 
Qsuiesaias QngaQisifiiso 
The six oculorotary muscles and three motor nuclei 
(oculomotor,trochlear, and abducens)«have traditionally 
defined the oculorotary system (Bender, 1 964). The six 
3 «  
m u s c l e s  f o r m  a n t a g o n i s t i c  p a i r s  a l t h o u g h  e a c h  m u s c l e  
p a r t i c i p a t e s  t o  s o m e  e x t e n t  i n  e v e r y  e y e  m o v e m e n t .  
E m b r y o l o g i c a l l y ,  t h e  e y e  m u s c l e s  a r i s e  f r o m  t h r e e  
p r e o t i c  h e a d  m y o t o m e s  ( W a l k e r ,  1 9 7 0 ) .  T h e  s u p e r i o r  r e c t u s ,  
i n f e r i o r  r e c t u s ,  m e d i a l  r e c t u s ,  a n d  i n f e r i o r  o b l i q u e  
d e v e l o p  f r o m  t h e  f i r s t  m y o t o m e  a n d  a r e  i n n e r v a t e d  b y  t h e  
t h i r d  c r a n i a l  n e r v e .  T h e  s u p e r i o r  o b l i q u e  d e v e l o p s  f r o m  t h e  
s e c o n d  m y o t o m e  a n d  i s  i n n e r v a t e d  b y  t h e  f o u r t h  c r a n i a l  
n e r v e .  T h e  l a t e r a l  r e c t u s  d e v e l o p s  f r o m  t h e  t h i r d  m y o t o m e  
a n d  i s  i n n e r v a t e d  b y  t h e  s i x t h  c r a n i a l  n e r v e .  I n  m a n y  
v e r t e b r a t e  s p e c i e s  a  s e p a r a t e  m u s c l e ,  t h e  r e t r a c t o r  b u l b i  
i s  r e s p o n s i b l e  f o r  o c u l o  r e t r a c t i o n .  I t  a l s o  a r i s e s  f r o m  
t h e  t h i r d  m y o t o m e  a n d  i s  i n n e r v a t e d  b y  a  p o r t i o n  o f  t h e  
s i x t h  n e r v e .  
A n a l y s i s :  
M u c h  i s  k n o w n  c o n c e r n i n g  t h e  f u n c t i o n a l  c o n n e c t i v i t y  
o f  t h e  f i r s t  f e w  s y n a p s e s  l e a d i n g  i n t o  c e n t r a l  v i s u a l  a r e a s  
f r o m  t h e  r e t i n a  a n d  t h e  l a s t  f e w  s y a p s e s  l e a d i n g  f r o m  t h e  
o c u l o m o t o r  s y s t e m  o n t o  t h e  e x t r a o c u l a r  m u s c l e s .  
U n d e r s t a n d i n g  a n d  k n o w l e d g e  b e c o m e s  m o r e  d i f f i c u l t ,  
h o w e v e r ,  a s  t h e  t r a n s f o r m a t i o n  o f  t h e  s p a t i a l  p a r a m e t e r s  o f  
t h e  v i s u a l  s t i m u l u s  b e c o m e  c o d e d  m o r e  c e n t r a l l y  i n t o  t h e  
t e m p o r a l l y  c o d e d  p a r a m e t e r s  r e q u i r e d  f o r  e y e  m o v e m e n t  
c o n t r o l  ( n e u r a l  d i s c h a r g e  r a t e  a n d  d i s c h a r g e  d u r a t i o n )  a n d  
t h e  n e u r a l  t o p o l o g y .  C o d i n g  w i t h i n  t h e s e  c e n t r a l  n e u r a l  
4 
networks becomes progressively elaborated upon by way of 
extensive divergence, convergence, and feedback, among the 
numerous structures involved in the functions of volition, 
prediction, and plasticity. 
One structure,, the nucleus recticularis tegmenti 
pontis (NRTP) has become the subject of an increasing 
number of anatomical studies which strongly implicate it in 
oculomotor function. These reports show the NRTP to be a 
structure which is integrative and within which the inputs 
and outputs (as previously shown to be intimately involved 
in oculomotor function) . are distributed in a way well 
suited for performing relay and feedback tasks within an 
oculomotor framework. Prior to a detailed description of 
the connectivity and structure of the NRTP, however, a 
brief introduction to the major components of the 
oculomotor system will be given. 
Sxs&ss Xnfiai 
Superior Colliculus: 
Preeminent to the present discussion and also in our 
understanding of the visual input to the oculomotor system 
Is the pathway for the rapid (saccadic) system. The direct 
projection of the retinal ganglion cells upon the superior 
colliculus (SC) is aligned in such a way that a retinotopic 
layout of receptive fields in the superficial "input" 
cellular layer falls into register with the retinotopic 
5 
l a y o u t  o f  t h e  u n d e r l y i n g  c e l l  l a y e r ' s  m o v e m e n t  f i e l d s .  T h a t  
i s ,  t h e  g r e a t e s t  a c t i v i t y  i n  a  d e e p  t e c t a l  " m o t o r "  c e l l  
p r e c e d e s  s a e c a d e s  m a d e  t o  t h e  r e g i o n  o f  t h e  r e c e p t i v e  f i e l d  
l o c a t i o n  o f  t h e  " v i s u a l "  c e l l  d i r e c t l y  a b o v e  i t  i n  t h e  
s u p e r f i c i a l  t e c t u m .  
T h e  S C  d o e s  n o t  a p p e a r  s i m p l y  t o  c o d e  t a r g e t  p o s i t i o n  
a n d  t h e n  t r i g g e r  a  s a c c a d e  t o  t h a t  p o s i t i o n  a s  w a s  
o r i g i o n a l l y  s u g g e s t e d  b y  S c h i l l e r  a n d  K o e r n e r  ( 1 9 7 1 ) , o n  t h e  
b a s i s  o f  t h e  a b o v e  f i n d i n g s ,  h o w e v e r .  M a y s  a n d  S p a r k s  
( 1 9 8 0 ) , d e v i s e d  a  c o m p l e x ;  s t i m u l u s  p a r a d i g m  d i s s o c i a t i n g  t h e  
v i s u a l  n e u r a l  a c t i v i t y  o f  t h e  s u p e r f i c i a l  t e c t u m  f r o m  t h e  
" m o t o r "  n e u r a l  a c t i v i t y  o f  t h e  d e e p e r  t e c t u m .  I n  m a n y  
c a s e s ,  o p p o s i t e  s u p e r i o r  c o l l i c u l i  e x h i b i t  s i m u l t a n e o u s  
a c t i v i t y ;  o n e  c o l l i c u l u 3  w o u l d  b e  a c t i v e  i n  i t s  v i s u a l  
l a y e r  w h i l e  i n  t h e  o t h e r  c o l l i c u l u s ,  t h e  d e e p e r  " m o t o r "  
a r e a  w o u l d  b e  a c t i v e .  T h i s  s t u d y  s h o w e d  t h e  c o l l i c u l u s  t o  
c o n t a i n  a  c o n t i n u u m  o f  c e l l  t y p e s ,  f r o m  p u r e l y  v i s u a l  t o  
p u r e l y  " m o t o r "  w i t h  d i s c h a r g e s  r e p r e s e n t i n g  r e t i n a l  e r r o r ,  
e y e  p o s i t i o n  e r r o r ,  a n d  m o t o r  c o m m m a n d  t o  c o r r e c t  e y e  
p o s i t i o n  e r r o r .  O f  t h e  f o u r  c l a s s e s  o f  c e l l s  r e p o r t e d ,  
h a l f  w e r e  t h e  " s a c c a d e  r e l a t e d  m o v e m e n t  f i e l d "  t y p e .  T h e s e  
u n i t s  d i s c h a r g e d  a p p r o x i m a t e l y  2 0 m s e c .  p r i o r  t o  t h e  o n s e t  
o f  s a c c a d e s  a n d  t h e  d i s c h a r g e  w a s  a l w a y s  m a x i m a l  f o r  s o m e  
a n g l e  a n d  a m p l i t u d e  o f  m o v e m e n t  w h i c h  w a s  c h a r a c t e r i s t i c  
f o r  e a c h  c e l l  ( i . e . ,  m o v e m e n t  f i e l d ) .  
A d d i t i o n a l  e v i d e n c e  f o r  t h e  i n v o l v e m e n t  o f  t h e  S C  i n  
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s a c c a d i c  e y e  m o v e m e n t s  a n d  t h e  i m p o r t a n c e  o f  t o p o l o g i c a l  
c o d i n g  w i t h i n  t h a t  s t r u c t u r e  h a s  b e e n  d e m o n s t r a t e d  b y  
s t u d i e s  i n  w h i c h  s a c c a d i c  e y e  m o v e m e n t s  h a v e  b e e n  e l i c i t e d  
b y  m i c r o s t i m u l a t i o n  o f  t h e s e  d e e p  t e c t a l  a r e a s  ( R o b i n s o n ,  
1 9 7 1 J  S c h i l l e r  &  S t r y k e r  1 9 7 2 ;  S t r y k e r  4  S c h i l l e r  1 9 7 5 ) .  
E y e  m o v e m e n t s  p r o d u c e d  i n  t h i s  w a y  w e r e  q u i t e  i n d e p e n d e n t  
o f  t h e  s t i m u l u s  p a r a m e t e r s  ( a b o v e  a  c e r t a i n  r e q u i r e d  
m i n i m u m )  i a n d  t h e  s t i m u l a t i o n  s i t e  w i t h i n  t h e  r e t i n o t o p i c  
m a p  o f  t h e  c o l l i c u l u s  s e e m e d  t o  b e  t h e  m a j o r  f a c t o r  
d e t e r m i n i n g  s a c c a d i c  a m p l i t u d e  a n d  d i r e c t i o n .  
S i m u l t a n e o u s  e l e c t r i c a l  s t i m u l a t i o n  o f  t w o  a r e a s  o f  S C  
r e s u l t  i n  a  v e c t o r  s u m  o f  t h e  " m o v e m e n t  t e n d e n c i e s "  e v o k e d  
b y  s t i m u l a t i o n  o f  t h e  t w o  a r e a s  i f  s t i m u l a t e d  i n d i v i d u a l l y  
( R o b i n s o n ,  1 9 7 2 ) .  T h i s  f i n d i n g  w a s  i n c o r p o r a t e d  i n t o  a  
m o d e l  p u t  f o r w a r d  b y  S p a r k s ,  e t  a l  ( 1 9 7 6 )  t o  e x p l a i n  h o w  a  
p o p u l a t i o n  o f  S C  u n i t s ,  e a c h  w i t h  a  r e l a t i v e l y  l a r g e  
receptive field, might direct saccadic eye movements in. a 
p r e c i s e  w a y .  I n  t h i s  m o d e l ,  . a c t i v a t i o n  o f  e a c h  S C  n e u r o n  
w o u l d  a l w a y s  l e a d  t o  a  d e f i n e d  a m o u n t  o f  a c t i v a t i o n  o f  t h e  
m o t o n e u r o n  p o o l ,  t h e r e b y  p r o d u c i n g  a  s p e c i f i e d  " m o v e m e n t  
t e n d e n c y " .  A s  a  s i n g l e  v i s u a l  s t i m u l u s  w o u l d  a c t i v a t e  
n u m e r o u s  c e l l s  i n  S C ,  a  f a m i l y  o f  " m o v e m e n t  t e n d e n c i e s "  
w o u l d  b e  c r e a t e d .  T h a t  i s ,  e a c h  u n i t  w o u l d  c o n t r i b u t e  a  
v e c t o r  c o m p o n e n t  t o  t h e  p o p u l a t i o n  v e c t o r  s u m  d e f i n i n g  t h e  
r e s u l t a n t  e y e  m o v e m e n t .  
The discharge properties of one saccade related cell 
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as compared to another does not correlate uniquely with the 
amplitude or direction of the saccade which follows; 
between cells, identical discharges may precede a wide 
range of saccades. The mapping studies of Schiller and 
Koerner (1971) and of Sparks and Mays (1978).indicate that 
the anatomical location of the maximally active units 
within SC specify the saccade parameters. 
Ablation of SC does not abolish saccades, although it 
does increase the saccade latency by 50 to 250 msec. On 
the other hand, extensive ablation of striate cortex does 
not eliminate saccades (Mohler & Wurtz, 1977)- If, however 
both both SC and frontal eye fields are ablated then 
saccades are eliminated (Schiller, et al, 1979)-
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Motoneurons 
The final eye position is determined by the resultant; 
force vector of the six oculorotary muscles. During a 
rapid shift in gaze,.the motoneuron output to each active 
muscle has as its discharge a high-frequency burst of 
activity related to the saccade duration and velocity 
(Robinson, 1970; Fuchs & Luschei, 1970; Schiller, 1970). 
In general,.a high correlation exists between the burst 
duration, burst discharge frequency, and saccade amplitude 
(Keller, in press). The endpoint of the saccade represents 
the new fixation position. This new position is maintained 
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by a motoneuron discharge rate below that of the burst and 
one that is highly correlated with the new fixation 
position. Thus, the requisite properties of inputs to the 
motoneurons would require purely temporal codings; those 
of burst duration and discharge frequency. 
Reticular Formation 
The location and functional properties of the 
major input cells to these motoneurons have been described 
in detail (Keller,.1975; Baker & Berthoz,.1973; Henn & 
Cohen, 1 976J King & Fuchs, 1 9 7 7)« The medial pontine 
reticular formation, for example,.contains a subset of eye 
movement neurons which are closely related to each other in 
their temporal sequencing and reciprocal activity. Robinson 
(1975) proposed a model which incorporates the cell types 
found in this area and is sufficient to explain the 
functional stability of the oculomotor system during 
fixation as well as the generation of both the fast and 
holding components associated with saccadic shifts in gaze. 
In this model he suggests that reciprocal connections 
between the inhibitory pause cells and the excitatory 
medium lead bursts cells (MLB).restrain the system. A 
saccade is triggered when the activity of inhibitory Long 
Lead Burst cells briefly inhibit the pause cells which then 
leads to disinhibition of Medium Lead Burst cells. The 
onset of high frequency discharge in a subset of MLB cells 
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i d e n t i c a l  i n  t h e i r  p a t t e r n  o f  d i s c h a r g e  t o  e x c i t a t o r y  M L B ,  
b u t  i n h i b i t o r y  i n  n a t u r e  ( I n h i b i t o r y  B u r s t  n e u r o n s )  l e a d s  
t o  d i s i n h i b i t i o n  o f  t h e  P a u s e  c e l l  w h i c h  a s s u r e s  t h e  s y s t e m  
w i l l  s t a y  l o c k e d  o f f  u n t i l  t h e  n e x t  s a c c a d i c  t r i g g e r  
o c c u r s .  T h e  o u t p u t  o f  t h e  M e d i u m  L e a d  B u r s t  c e l l  t h e r e f o r e  
c a r r i e s  a  b u r s t  o f  n e u r a l  a c t i v i t y .  T h i s  b u r s t  o u t p u t  f o r m s  
t h e  i n p u t  t o  a  r e g e n e r a t i v e  i n t e g r a t o r  c e l l ,  t h e  T o n i c  
c e l l .  T h e  a c t i v i t y  o f  t h e  B u r s t  a n d  T o n i c  c e l l s  a r e  t h e n  
s u m m e d  t o  y i e l d  t h e  " p u l s e - s t e p "  o f  m o t o n e u r o n  a c t i v i t y  
d e s c r i b e d  b y  R o b i n s o n  ( 1 9 6 4 ,  1 9 7 0 ) .  
T h i s  s a c c a d i c  m o d e l  h a s  r e c e n t l y  b e e n  e x t e n d e d  
( K e l l e r ,  1 9 8 0 ) , t o  i n c l u d e  t h e  S C  a s  o n e  p o s s i b l e  s o u r c e  f o r  
t h e  t r i g g e r  s i g n a l  t o  t h e  p o n t i n e  s a c c a d e  g e n e r a t o r .  T h r e e  
l i n e s  o f  e v i d e n c e  m a k e  t h i s  e x t e n s i o n  r e a s o n a b l e .  
F i r s t ,  R a y b o u r n  a n d  K e l l e r  ( 1 9 7 7 )  f o u n d  t h a t  e a c h  
p o n t i n e  r e t i c u l a r  l o n g  l e a d  b u r s t  c e l l  a n d  m o s t  p a u s e  c e l l s  
r e c e i v e  f a i r l y  d i r e c t  s y n a p t i c  i n p u t  f r o m  S C ,  S e c o n d ,  
W u r t z  a n d  M o h l e r  ( 1 9 7 6 )  r e p o r t e d  S C  u n i t s  w h i c h  w e r e  
r e l a t e d  b o t h  t o  a  v i s u a l  s t i m u l u s  o n s e t  a n d  a  s a c c a d i c  e y e  
m o v e m e n t .  I n  s o m e  o f  t h e s e  u n i t s  t h e  v i s u a l  r e s p o n s e  w a s  
e n h a n c e d  i f  a  s a c c a d e  t o  t h e  v i s u a l  s t i m u l u s  w a s  t o  f o l l o w .  
T h i s  d e m o n s t r a t e s  t h a t  a t  l e a s t  s o m e  d e g r e e  o f  t a r g e t  
s e l e c t i o n  i n f o r m a t i o n  i s  p r e s e n t  a t  t h e  l e v e l  o f  t h e  
c o l l i c u l u s  f r o m  w h i c h  t h e  s a c c a d i c  t r i g g e r  s i g n a l  m i g h t  b e  
e x t r a c t e d .  T h i r d ,  M a y s  a n d  S p a r k s  ( 1 9 8 0 )  f o u n d  S C  u n i t s  i n  
w h i c h  t h e  d i s c h a r g e  r a t e  i n c r e a s e s  a t  t h e  t i m e  o f  v i s u a l  
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t a r g e t  o n s e t  a n d  t h e n  d e c r e a s e s  o n c e  t h e  e y e  h a s  r e a c h e d  
t h e  l o c a t i o n  o f  t h i s  v i s u a l  t a r g e t .  T h e  p r e s e n c e  o f  t h i s  
s i g n a l ,  t h e r e f o r e ,  i n d i c a t e s  a  d i f f e r e n c e  i n  t h e  " d e s i r e d "  
a n d  " a c t u a l "  e y e  p o s i t i o n .  T h e  s o u r c e  o f  i n p u t s  u p o n  w h i c h  
t h e s e  s e n s o r y  a n d  m o t o r  c o m p a r i s o n s  a r e  b a s e d  i s  n o t  
s t i p u l a t e d .  T h a t  i s ,  i t  i s  n o t  i n d i c a t e d  w h e t h e r  t h e  
" d e s i r e d "  e y e  p o s i t i o n  i s  c e n t r a l l y  r e p r e s e n t e d  a n d  t h e  
" a c t u a l "  e y e  p o s i t i o n  i s  a n  e f f e r e n c e  c o p y  o r  i f  t h e  e r r o r  
s i g n a l  i s  b r o u g h t  a b o u t  a s  a  r e s u l t  o f  a  m o r e  p e r i p h e r a l  
m e c h a n i s m  -  t h e  e r r o r  b e t w e e n  t h e  l o c a t i o n  o f  t h e  t a r g e t  
r e t i n a l  i m a g e  a n d  f o v e a .  T h e  K e l l e r  m o d e l  i n c o r p o r a t e s  t h e  
o u t p u t  o f  t h e s e  c e l l s  i n  t w o  w a y s .  F i r s t ,  t h e  m o d e l  
p r o p o s e s  t h a t  t h e  s a c c a d e  v e l o c i t y  i s  d e t e r m i n e d  b y  t h e  
w e i g h t i n g  o f  i n p u t s  f r o m  t h i s  t y p e  o f  S C  c e l l  o n t o  t h e  
r e t i c u l a r  f o r m a t i o n  M e d i u m  L e a d  B u r s t  c e l l s  d e s c r i b e d  
a b o v e .  I n  t h e  S C ,  t h e  p e r i p h e r a l  r e t i n a  i s  m o r e  d e n s e l y  
r e p r e s e n t e d  t h a n  t h e  c e n t r a l  r e t i n a  i n  t e r m s  o f  c e l l  c o u n t .  
F u n c t i o n a l l y ,  t h i s  c o r r e l a t e s  w i t h  t h e  i n c r e a s e  i n  s a c c a d e  
s i z e  w h e n  d i f f e r e n t  p a r t s  o f  S C  a r e  s t i m u l a t e d .  T h e  
w e i g h t i n g  r e s u l t s  f r o m  a n  i n c r e a s e  i n  t h e  r e l a t i v e  n u m b e r  
o f  e x c i t a t o r y  i n p u t s  o n t o  M L B  c e l l s  a s  t h e  p r o j e c t i o n  f r o m  
S C  p r o g r e s s e s  m o r e  c a u d a l l y  ( m o r e  e c c e n t r i c  i n  r e t i n a l  
t e r m s ) .  S e c o n d , . t h i s  s i g n a l  m i g h t  b e  u s e d  t o  t e r m i n a t e  t h e  
s a c c a d e  b y  r e d u c i n g  t h e  e x c i t a t i o n  o n  t h e  M L B  c e l l  w h e n  t h e  
p o s i t i o n  e r r o r  r e a c h e s  z e r o .  O n c e  t h e  M L B  c e l l  i s  i n a c t i v e ,  
t h e  P a u s e  c e l l  i s  r e l e a s e d  f r o m  i n h i b i t i o n  a n d  t h e  s a c c a d i c  
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s y s t e m  i s  l o c k e d  o f f .  
Qscstjsllus 
C o n s i d e r a b l e  e f f o r t  h a s  b e e n  e x p e n d e d  i n  a n  a t t e m p t  t o  
a s s i g n  v a r i o u s  o c u l o m o t o r  f u n c t i o n s  t o  t h e  c e r e b e l l u m .  R o n  
a n d  R o b i n s o n  ( 1 9 7 3 )  p r o p o s e d  t h a t  t h e  c e r e b e l l u m  m a y  
p a r t i c i p a t e  i n  h a n d - e y e  c o o r d i n a t i o n .  I t o  ( 1 9 7 2 )  s u g g e s t e d  
t h a t  t h e  f l o c c u l u s  m i g h t  f u n c t i o n  a s  a  s i d e  l o o p  o f  t h e  
v e s t i b u l o o c u l a r  p a t h w a y  c o n t a i n i n g  m o d i f i a b l e  s y n a p s e s  
w h i c h  w o u l d  b e  i n v o l v e d  i n  g a i n  c h a n g e s  i n  t h e  
v e s t i b u l o o c u l a r  r e f l e x .  A s  a  r e s u l t  o f  a b l a t i o n  s t u d i e s ,  
C a r p e n t e r  ( 1 9 7 2 )  c o n c l u d e d  t h a t  t h e  s i t e  o f  t h e  n e u r a l  
i n t e g r a t o r  ( t h o u g h t  n e c e s s a r y  t o  c o n v e r t  t h e  s a c c a d i c  b u r s t  
t o  t h e  n e w  h o l d i n g  p o s i t i o n )  m i g h t  l i e  w i t h i n  t h e  
c e r b e l l u m .  T h e  s t r u c t u r e  o f  t h e  c o r t e x ;  w i t h  i t s  l o n g  
p a r a l l e l  f i b e r s  s u g g e s t e d  t o  K b r n h u b e r  ( 1 9 7 1 )  a  " t a p p e d  
d e l a y  l i n e "  m o d e l  f o r  s a c c a d i c  b u r s t  d u r a t i o n  g e n e r a t i o n .  
R o n  a n d  R o b i n s o n  ( 1 9 7 3 )  s t i m u l a t e d  c e r e b e l l u m  i n  
a l e r t  m o n k e y s  a n d  f o u n d  t h r e e  r e g i o n s  o f  c o r t e x  w h i c h  
p r o d u c e d  s t e r e o t y p e d  e y e  m o v e m e n t s ,  r e s p e c t i v e l y .  T h e  
v e r m a l  l o b e s  V - V I I  p r o d u c e d  s a c c a d e s  w i t h  o n s e t  l a t e n c i e s  
o f  1 5 - 3 5  m s e c .  C r u s  I  a n d  I I  a n d  t h e  l o b u l u s  s i m p l e x  
p r o d u c e d  s m o o t h  a n d  s a c c a d i c  e y e  m o v e m e n t s ,  w h i l e  
s t i m u l a t i o n  o f  t h e  " v e s t i b u l o - c e r e b e l l u m "  p r o d u c e d  
n y s t a g m u s .  S t i m u l a t i o n  o f  a l l  c e r e b e l l a r  n u c l e i  l i k e w i s e  
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produced eye movements stereotypic to each nuclei. In 
addition, a direct dentooculoraotor pathway was confirmed. 
Recently, Kase et al (1980),have recorded from mossy 
fiber input and Purkinje cells in the vermal lobes VI and 
VII of alert monkeys. The mossy fibers were characterized 
as long lead bhrst (mean latency of prelude 160 msec.; 
burst mean latency 7i4!msec.), burst tonic (mean latency 
0.2 msec.); and tonic, with firing rates linearly related to 
intersaccadic fixation position. Those Purkinje cells 
firing prior to saccades showed a mean latency of 0.6'msec, 
(mode 5 msec.), with tight coupling of saccades and burst 
duration Indicating a temporal coding. A small percentage 
of the Purkinje cells discharged with a tonic rate linearly 
related to horizontal eye postion. Although the lead time 
of the Purkinje cell burst was too short for either the 
initiation or pre-programming of saccades, the authors feel 
that the posterior vermis "after receiving saccade related 
information from the brain stem saccadic centers, may send 
feed-forward control signals to the oculomotor complex and 
possible feedback! signals to the brain stem saccadic 
centers immediately prior to the initiation of saccades." 
Recordings made in the flocculus of alert primates by 
Miles et al (1975, 1980) demonstrate an additional mode of 
cerebellar activity related to oculomotor function. Each 
of three types of cerebellar unit ("granule layer input 
unit", Golgi cell,.and Purkinje cell).was tested under a 
1 3 '  
v a r i e t y  o f  p a r a d i g m s  i n  w h i c h  a  c l a s s  o f  " g a z e  v e l o c i t y  
P u k i . n j e  c e l l s "  w e r e  t h e  m a j o r i t y .  T h i s  l e d  t h e  a u t h o r s  t o  
p r o p o s e  t h e s e  u n i t s  a s  h a v i n g  a n  i m p o r t a n t  r o l e  i n  o c u l a r  
p u r s u i t  a n d  t h e  v e s t i b u l o - o c u l a r  r e f l e x  ( M i l e s  e t  a l , .  
1 9 8 0 ) .  
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I n p u t :  
T h e  N R T P ,  w h i c h  l i e s  d o r s a l  t o  t h e  p o n t i n e  n u c l e i  
p r o p e r  a t  a b o u t  t h e  l e v e l  o f  t h e  o c u l o m o t o r  n u c l e u s  ( B r o d a l  
a n d  B r o d a l ,  1 9 7 1 )  r e c e i v e s  b o t h  c o n t r a l a t e r a l  a n d  
i p s i l a t e r a l  p r o j e c t i o n s  f r o m  S C .  B y  f a r  t h e  m o s t  e x t e n s i v e  
t a r g e t  o f  t h e  S C  i s  t h e  c r o s s e d ,  p r e d o r s a l  b u n d l e  
p r o j e c t i o n  i n t o  N R T P  w h e r e  i t s  t e r m i n a l s  a l m o s t  c o m p l e t e l y  
f i l l  t h e  m o s t  c a u d a l  e x t e n t  o f  t h e  n u c l e u s .  T h e  s m a l l e r ,  
i p s i l a t e r a l  t e c t o s p i n a l  o r  t e c t o p o n t i n e  p a t h w a y  i s  t o  t h e  
d o r s o l a t e r a l  w i n g  - p r o c e s s u s  t e g m e n t o s u s  l a t e r a l i s  o f  N R T P  
( H a r t i n g ,  1 9 7 7 ) .  
C e r e b r a l  c o r t e x  s e n d s  a  w e a k e r  p r o j e c t i o n  t o  N R T P  t h a n  
t o  t h e  p o n t i n e  n u c l e i .  T h e s e  f i b e r s  a r i s e  f r o m  a r e a  5 , . t h e  
s o m a t o s e n s o r y  c o r t e x ,  m o t o r  c o r t e x ,  a n d  a r e a  6 "  t o  t e r m i n a t e  
i n  t h e  v e n t r a l  N R T P  i n  a  t o p o l o g i c a l ,  s o m a t o s e n s o r y  p a t t e r n  
( B r o d a l  * 8 0 ) .  K u z z l e  a n d  A k e r t  ( 1 9 7 7 ) ,  u s i n g  t h e  
a u t o r a d i o g r a p h i c  t e c h n i q u e ,  f o u n d  p r o j e c t i o n s  f r o m  a r e a  8  
( F r o n t a l  e y e  f i e l d )  i n t o  m e d i a l  p a r t s  o f  N R T P  ( a l s o  s e e  
A s t r u c ,  1 9 7 1 . "  a n d  L e i c h n e t z  a n d  A s t r u c ,  1 9 7 8 ) .  T h e  
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l i k e l i h o o d  t h a t  t h i s  a r e a  p a r t i c i p a t e s  i n  t h e  i n i t i a t i o n  o f  
s a c c a d e s  i s  n o t  g r e a t ,  a s  t h e s e  u n i t s  f i r e  a f t e r  t h e  o n s e t  
o f  e y e  m o v e m e n t s  ( B i z z i ,  1 9 7 0 ) .  N o  p r o j e c t i o n s  w e r e  f o u n d  
a s  a  r e s u l t  o f  l e s i o n s  t o  t h e  o c c i p i t a l  r e g i o n  i n  m o n k e y  
( B r o d a l ,  1 9 8 0 a ) .  
T h e  l a r g e s t  i n p u t  t o  N R T P  i s ,  h o w e v e r ,  .  f r o m  t h e  
c e r e b e l l a r  n u c l e i  ( i n t e r p o s i t u s  a n d  d e n t a t e )  b y  w a y  o f  t h e  
b r a c h i u m  c o n j u n c t i v u m  ( B r o d a l  4  S z i k l a , . 1 9 7 2 ,  c a t ;  M i l l e r  4  
S t r o m i n g e r ,  1 9 7 7 1  m o n k e y ) .  T h i s  c o n t r a l a t e r a l  p r o j e c t i o n  
t e r m i n a t e s  a x i a l l y  t h r o u g h o u t  t h e  r o s t r o - c a u d a l  e x t e n t  o f  
t h e  n u c l e u s  f o r m i n g  a  d e n s e  c y l i n d r i c a l  f i e l d  w i t h  a n  
a d d i t i o n a l  s c a t t e r i n g  o f  t e r m i n a l s  t h r o u g h o u t  t h e  e n t i r e  
n u c l e u s  ( B r o d a l ,  e t  a  1 ,  1 9 7 2 ) «  T h e r e  i s  a l s o  a  s m a l l  
i p s i l a t e r a l  N R T P  p r o j e c t i o n  ( B r o d a l  4  S z i k l a , . 1 9 7 2 ) .  I n  
t h i s  w a y , . t h e  N R T P  f o r m s  t h e  c h i e f  t e r m i n a l  n u c l e u s  o f  t h i s  
c e r e b e l l o  r e t i c u l a r  p r o j e c t i o n  ( J a n s e n ,  1 9 5 6 ) .  
A m o n g  t h o s e  p r o j e c t i o n s  t o  N R T P  w h i c h  h a v e  b e e n  f o u n d  
i n  c a t  b u t  w h i c h  h a v e  n o t  b e e n  i d e n t i f i e d  i n  m o n k e y  i n c l u d e  
t h e  r e d  n u c l e u s  ( K i t a i ,  1 9 7 6 ) , . p r e t e c t u r n  ( B e r m a n ,  1 9 7 7 ) ,  
o c u l o m o t o r  i n t e r n e u r o n s  ( M a c i e w i c z ,  e t  a l ,  .  1 9 7 7 ) ,  
c o n t r a l a t e r a l  N R T P  ( H o d d e v i k ,  1 9 7 0 ) ,  i n f e r i o r  o l i v e  
( H o d d e v i k ,  T 9 7 5 ) ,  c o n t r a l a t e r a l  f a s t i g i a l  n u c l e u s  ( W a l b e y , .  
1 9 6 2 ) , . a n d  c o n t r a l a t e r a l  s u p e r i o r  a n d  l a t e r a l  v e s t i b u l a r  
n u c l e i  ( L a d p l i  4  B r o d a l ,  . 1  9 6 8  ;  G h e l a r d u c c i ,  e t  a l , 1 9 7 4 ) .  
" O n  t h e  w h o l e  i t  a p p e a r s  t h a t  t h e  a f f e r e n t s  t o  N R T P  a r e  
m o r e  r e s t r i c t e d  w i t h  r e g a r d  t o  o r i g i n  i n  m o n k e y  t h a n  i n  
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c a t ,  b u t  t h i s  q u e s t i o n  d e s e r v e s  f u r t h e r  s t u d y . "  ( B r o d a l ,  
1  9 8 0 a ,  p .  2 6 ) .  
A s  s h o w n  a b o v e ,  t h e  N R T P  r e c e i v e s  n u m e r o u s  i n p u t s ,  a  
p r o p e r t y  i t  s h a r e s  w i t h  t h e  o t h e r  t w o  p r e c e r e b e l l a r  n u c l e i  
( l a t e r a l i s  a n d  p a r a m e d i a l i s )  a n d  w i t h  t h e  p o n t i n e  n u c l e i  
p r o p e r .  H o w e v e r ,  t h e r e  i s  o n e  f e a t u r e  o f  t h i s  s t r u c t u r e  
w h i c h  r e s e m b l e s  m o r e  t h e  c l a s s i c a l  c o r e  r e t i c u l a r  
f o r m a t i o n .  " T h e  f a i r l y  e x t e n s i v e  o v e r l a p p i n g  o f  a f f e r e n t s  
p r e s u m a b l y  a l l o w s  f o r  a  h i g h  d e g r e e  o f  i n t e g r a t i o n  f r o m  
d i f f e r e n c e  s o u r c e s  i n  t h e  N R T P  ( B r o d a l  a n d  S z i k l a ,  1 9 7 1 ; . p .  
3 ^ 9 ) .  M o r e o v e r ,  " T h e s e  s y n a p t i c  i n p u t s  a r e  n o t  r e s t r i c t e d  
t o  u n i l a t e r a l  p r o j e c t i o n s  a n d  t h e y  c o n v e r g e  o n t o  a  s i n g l e  
n e u r o n . "  ( K i t a i ,  1 9 7 6 ;  p .  3 0 7 i )  I n  c o n t r a s t *  a f f e r e n t s  t o  
t h e  p o n t i n e  n u c l e i  s h o w  a  " p r e c i s e  t o p o l o g i c a l  
o r g a n i z a t i o n "  a n d  a r e  " p r a c t i c a l l y  e x c l u s i v e l y  
i s p i l a t e r a l . "  ( B r o d a l  a n d  B r o d a l ,  1 9 7 ' ! . " >  p .  1 0 6 ' , ) .  
C y t o a r c h i t e c t o n i c a l l y ,  t h e  N R T P  r e s e m b l e s  m o r e  c l o s e l y  t h e  
c l a s s i c a l  c o r e  r e t i c u l a r  f o r m a t i o n  ( B r o d a l  a n d  B r o d a l ,  
1 9 7 3 ) .  a n d  h a s  a  d i f f e r e n t  o n t o g e n e t i c  o r i g i n  t h a n  t h e  
p o n t i n e  n u c l e i  p r o p e r  ( T a b e r  P i e r c e ,  1 9 6 6 ) ,  O n  t h e  o t h e r  
h a n d ,  t h e  p r e c e r e b e l l a r  n u c l e i  a r e  n o t  l i k e  t h e  r e t i c u l a r  
f o r m a t i o n  i n  t h e i r  d e n t r i t i c  p a t t e r n ,  f o r  " . . . t h e y  d o  n o t  
c o n t a i n  o n l y  o r  e v e n  c h i e f l y  c e l l s  w i t h  l o n g  a n d  s p a r c e l y  
b r a n c h i n g  d e n d r i t e s  g e n e r a l l y  f o u n d  i n  t h e  m e d i a l  r e t i c u l a r  
f o r m a t i o n  a n d  c o n s i d e r e d  a s  c h a r a c t e r i s t i c  f o r  n u c l e i  w i t h  
i n t e g r a t i v e  f u n c t i o n . "  ( B r o d a l  a n d  B r o d a l ,  1 9 7 1 ,  P *  1 0 7 i ) <  
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O u t p u t :  
T h a t  t h e  p r e c e r e b e l l a r  r e t i c u l a r  n u c l e i  s e n d  " p r o b a b l y  
a l l "  o f  t h e i r  e f f e r e n t  f i b e r s  t o  t h e  c e r e b e l l u m  
d i s t i n g u i s h e s  t h e m  f u n c t i o n a l l y  f r o m  t h e  o t h e r  r e t i c u l a r  
n u c l e i  ( B r o d a l  &  J a n s e n ,  1 9 4 6 ) .  B r o d a l  ( 1 9 8 0 b )  i n j e c t e d  
h o r s e r a d i s h  p e r o x i d a s e  i n t o  v a r i o u s  a r e a s  o f  m o n k e y  
c e r e b e l l u m  a n d  n o t e d  t h e  d i s t r i b u t i o n  o f  l a b e l e d  N R T P  
c e l l s .  T h e  l a r g e s t  n u m b e r  ( a b s o l u t e  a n d  r e l a t i v e )  w e r e  
l o c a t e d  i n  d o r s o m e d i a l  N R T P  f r o m  i n j e c t i o n s  o f  l o b e s  V I I -
V I I I ,  f e w e r  f r o m  t h e  a n t e r i o r  l o b e  v e r m i s  a n d  p a r a m e d i a n  
l o b u l e  a n d  v e r y  f e w  f r o m  c r u s  I - I I  a n d  l o b e  V I I I B  o f  t h e  
v e r m i s .  A  l a r g e  p r o j e c t i o n  f r o m  N R T P  t o  f l o c c u l u s  h a s  b f e e n  
s e e n  b o t h  i n  c a t  ( H o d d e v i k ,  1 9 7 8 )  a n d  i n  m o n k e y  ( L a n g e r ,  e t  
a l ,  1  9 8 0 ) .  N a k a o ,  e t  a l  ( 1  9 6 0 )  r e c o r d e d  w i t h i n  t h e  N R T P  o f  
a w a k e  c a t  a n d  f o u n d  l o n g  l e a d  u n i t  r e s p o n s e s  f o r  t h e  q u i c k  
p h a s e '  o f  v e s t i b u l a r  n y s t a g m u s .  S t i m u l a t i o n  o f  t h e  d e e p  
f l o c c u l u s  d i d  n o t  a n t i d r o m i c a l l y  a c t i v a t e  t h e s e  u n i t s ,  b u t  
d i d  a c t i v a t e  u n i t s  w h i c h  o v e r l a p p e d  t h e  d i s t r i b u t i o n  o f  
n y s t a g m u s  r e l a t e d  u n i t s .  S p a r s e  d e g e n e r a t i o n  w a s  f o u n d  i n  
a l l  f o u r  v e s t i b u l a r  n u c l e i  i n  c a t  f o l l o w i n g  l e s i o n s  i n  t h e  
N R T P  i n  c a t  ( H e l l s t r o m  H o d d e v i k , . e t  a l ,  1 9 7 8 ) .  
I n  s u m m a r y ,  t h e  f o r e g o i n g  h a s  d e s c r i b e d  s t u d i e s  
s h o w i n g  t h a t  t h e  m o s t  e x t e n s i v e  t a r g e t  o f  t h e  N R T P  i s  t h e  
c e r e b e l l u m  w h e r e  m o s t  o f  t h e  N R T P  t e r m i n a t i o n s  a r e  l o c a t e d  
i n  t h e  v i s u a l  r e c e i v i n g  a r e a  ( l o b e s  V I I  a n d  V I I I ) .  T h e  
f u n c t i o n a l  r e l a t i o n s h i p s  a r e  v e r y  c o m p l e x *  h o w e v e r ,  b e c a u s e  
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t h e  o u t p u t  o f  t h e  c e r e b e l l u m  i t s e l f  f o r m s  t h e  m a j o r  i n p u t  
i n t o  t h e  N R T P .  I n  t h e  p r e s e n t  s t u d y  a n  a t t e m p t  h a s  b e e n  
m a d e  t o  e s t a b l i s h  t h e  o c u l o m o t o r  c h a r a c t e r i s t i c s  o f  t h e  
n e u r o n s  i n  t h e  N R T P  o f  a l e r t  m o n k e y  a n d  t o  c l a s s i f y  t h e m  i n  
f u n c t i o n a l  t e r m s .  F u t u r e  s t u d i e s  i n v o l v i n g  e l e c t r o ­
p h y s i o l o g i c a l  i d e n t i f i c a t i o n  o f  t h e  c o n n e c t i v i t y  o f  
r e p r e s e n t a t i v e  u n i t s  f r o m  e a c h  c l a s s  w i l l ,  i n  a l l  
l i k e l i h o o d ,  d e c r e a s e  t h e  u n c e r t a i n t y  a s  t o  t h e  r o l e  t h e s e  
s t r u c t u r e s  p l a y  i n  o c u l o m o t o r  f u n c t i o n .  
BEIHQQS 
S u c g i s a l  B c a s s d y c s s i  
T h r e e  J a v a  m o n k e y s  ( m a c a c a  f a s c i c u l a r i s )  w e i g h i n g  
b e t w e e n  3 i 8  a n d  6 ' , 7 ; k g .  w e r e  i n d u c e d  i n t o  a n e s t h e s i a  w i t h  
k e t a m i n e  a n d  m a i n t a i n e d  o n  s o d i u m  p e n t a b a r b i t a i  ( i . v . ) .  
E y e  s u r g e r y  
T h r e e  t u r n s  o f  T e f l o n  c o a t e d  m u l t i s t r a n d e d  s t a i n l e s s  
s t e e l  w i r e  w e r e  t h r e a d e d  u n d e r  t h e  i n s e r t i o n  o f  e a c h  o f  t h e  
f o u r  e x t r a - o c u l a r  r e c t u s  m u s c l e s .  T h i s  c o i l  i m p l a n t a t i o n  
p r o g r e s s e d  i n  t h e  d i r e c t i o n  f r o m  t h e  s u p e r i o r  r e c t u s  t o  t h e  
m e d i a l  r e c t u s  I n  a n  a t t e m p t  t o  p r e v e n t  t h e  m o r e  c e n t r a l  
p o r t i o n s  o f  t h e  i n f e r i o r  o b l i q u e  f r o m  b e c o m i n g  " l a s h e d "  t o  
t h e  g l o b e  b y  t h e  c o i l .  T h e  c o i l  l e a d s  w e r e  t w i s t e d  
t o g e t h e r  a n d  l e a d  f r o m  t h e  s u p e r i o r  l a t e r a l  q u a d r a n t  o f  t h e  
g l o b e  i n t o  a  p o c k e t  w h i c h  w a s  f o r m e d  b y  b l u n t  d i s s e c t i o n  
i n t o  t h e  c o n j u n c t i v a .  W i t h i n  t h e  p o c k e t ,  t h i s  c o i l  w a s  
b e n t  i n t o  t h e  s h a p e  o f  a  " U "  b e f o r e  e x i t i n g  t h e  r e a r  o f  t h e  
p o c k e t .  T h i s  " U "  s e r v e d  t o  r e d u c e  r e s t r i c t i o n s  t o  
o c u l o r o t a t i o n  b y  i n c r e a s i n g  t h e  e l a s t i c  c o u p l i n g  o f  t h e  
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l e a d  b e t w e e n  t h e  c o i l  a n d  i t s  s u b c u t a n e o u s  e x i t  f r o m  t h e  
o r b i t  a t  t h e  m a r g i n .  F r o m  t h e  m a r g i n ,  t h e  l e a d  w a s  p a s s e d  
u n d e r  t h e  s c a l p  t o  a  p l u g  i m b e d d e d  i n  d e n t a l  a c r y l i c .  
Chamber implant 
T h e  a n i m a l  w a s  p l a c e d  i n  a  s t e r e o t o x i c  d e v i c e .  A n  
a n t e r i o r - p o s t e r i o r  i n c i s i o n  w a s  m a d e  i n  t h e  s c a l p  a n d  t h e  
u n d e r l y i n g  m u s c l e s  w e r e  s c r a p e d  l a t e r a l l y  t o  e x p o s e  t h e  
s k u l l .  T h e  p o s i t i o n  o f  t h e  r e c o r d i n g  c h a m b e r  w a s  
d e t e r m i n e d  b y  l o c a t i n g  t h e  s t e r e o t a x i c  m i c r o d r i v e  
( p r e v i o u s l y  c a l i b r a t e d  t o  i n t e r s e c t  t h e  N R T P )  o v e r  t h e  
a n i m a l ' s  h e a d  a n d  n o t i n g  t h e  p o s i t i o n  o f  t h e  t i p  o f  t h e  
m i c r o d r i v e  o n  t h e  s k u l l .  O n e  l a r g e  t r e p i n e  h o l e  w a s  c u t  
f o r  t h e  c h a m b e r .  A r o u n d  t h i s  o p e n i n g ,  t h r e e  s m a l l  
" s t a r t e r "  h o l e s  w e r e  m a d e  f o r  s e l f  t a p p i n g  s t a i n l e s s  s t e e l  
a n c h o r  s c r e w s .  T h e  c h a m b e r  a s s e m b l y  w a s  l o a d e d  o n  t h e  
s t e r e o t a x i c  m i c r o d r i v e  a n d  l o w e r e d  i n t o  p o s i t i o n  o v e r  t h e  
t r e p i n e  h o l e .  T h i s  i n s u r e d  f i n a l  p r o p e r  a l i g n m e n t  o f  t h e  
c h a m b e r  o v e r  t h e  n u c l e u s .  T h e  s k u l l  w a s  t h o r o u g h l y  c l e a n e d  
w i t h  a c e t o n e  t o  r e m o v e  f a t t y  s u b s t a n c e s .  D e n t a l  a c r y l i c  
w a s  t h e n  a p p l i e d  t o  t h e  s k u l l s c r e w s ,  a n d  c h a m b e r .  A  
n a r r o w  s t r i p  o f  s u r g i c a l  c l o t h  ( s u r g i c a l  D a c r o n ,  M e a d o x )  
w a s  p a r t i a l l y  i m b e d d e d  a r o u n d  t h e  w a l l s  o f  t h e  d e n t a l  
a c r y l i c  m o u n d .  T h i s  f a b r i c  f a c i l i t a t e s  t h e  h e a l i n g  o f  t h e  
s c a l p  b y  p r o v i d i n g  a  s u b s t r a t e  o n t o  w h i c h  t h e  s k i n  c a n  




Eye movements were recorded utilizing the search coil 
technique (Fuchs & Robinson, 1966). A resolution of 0.1; 
degree was achievable,.but measurements were in most cases 
made to the nearest degree. Operating at a limited 
resolution allowed for an increase in the range of eye 
movements analyzed. 
Single units 
Microe1ectrodes were produced by electrolytically 
etching 5, mil. tungsten wire to produce tip profiles of 
approximately 3<microns. In order to provide a substrate 
for the insulating varnish, the etched electrodes were 
immersed into a strong acid bath. They were then washed in 
distilled water and dried at 135?. The electrodes were 
dipped in Epoxylite insulating varnish and baked for 8 
hours at 135?C. This process was repeated three times 
before insulating sleeves of 7'. mil. polyimide (Nieman, type 
ML).were pulled over the electrode to within 0.5 cm of the 
tip. This sleeve improves the mechanical and electrical 
stability and reduces the capacitive characteristics of the 
electrode. The sleeve was secured on the end closest to 
the tip by application of Eastman 910 adhesive at the 
margin. The electrodes were then redipped and baked at 
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1 3 5 °  f o r  5 .  h o u r s .  E l e c t r o d e s  w e r e  b r o u g h t  t o  t h e  p r o p e r  
i m p e d a n c e  b y  o n e  o f  t w o  m e t h o d s .  T h e  t i p  i n s u l a t i o n  w a s  
r e m o v e d  b y  e i t h e r  p a s s i n g  s m a l l  c u r r e n t s  t h r o u g h  t h e  t i p s  
i n t o  a  w a t e r  b a t h  o r  h i g h  v o l t a g e s  w e r e  a p p l i e d  t o  t h e  
e l e c t r o d e  i n d u c i n g  a  c o r o n a  d i s c h a r g e  a t  t h e  t i p  i n t o  t h e  
a i r .  T h e  e l e c t r o d e s  w e r e  l o a d e d  i n t o  a  g u a r d  t u b e  a n d  
s u b s e q u e n t l y  i n t o  t h e  i n d e x i n g  t u r r e n t  o n  t h e  r e c o r d i n g  
c h a m b e r .  T h e  e l e c t r o d e s  w e r e  l o w e r e d  b y  m e a n s  o f  a  
c a l i b r a t e d  h y d r a u l i c  m i c r o d r i v e .  S i g n a l s  f r o m  t h e  
e l e c t r o d e  w e r e  f e d  o f f  t o  a  F E T  b u f f e r  a m p l i f i e r  w i t h  
a d j u s t a b l e  f i l t e r i n g  a n d  c a p a c i t i v e  f e e d b a c k s .  F r o m  t h i s  
a m p l i f i e r ,  t h e  s i g n a l  w a s  f u r t h e r  a m p l i f i e d  b y  a  T e k t r o n i x  
2 6 ' A  2  d i f f e r e n t i a l  p r e a m p l i f i e r .  H i g h  f r e q u e n c y  
i n t e r f e r e n c e  f r o m  t h e  e y e  m o v e m e n t  m o n i t o r  s y s t e m  ( 2 0 K H z ) ,  
w a s  e x t r a c t e d  f r o m  t h e  n e u r a l  c h a n n e l  b y  s e n d i n g  a  p h a s e  
a d j u s t e d  s a m p l e  o f  t h e  e y e  m o v e m e n t  m o n i t o r  f i e l d  i n t o  t h e  
i n v e r t i n g  i n p u t  o f  t h e  T e k t r o n i x  a m p l i f i e r  s p e c i f i e d  a b o v e .  
A l l  a n a l o g  a n d  d i s c r e t e  e v e n t  d a t a  c h a n n e l s  w e r e  a l s o  
a v a i l a b l e  f o r  r e c o r d i n g  o n  a  7 :  c h a n n e l  H e w l e t t - P a c k a r d  
A M / F M  d a t a  r e c o r d e r  ( A M  b a n d w i d t h  . 0 5 - 1 5 * 6 '  K H z ,  F M  
b a n d w i d t h  0 - 1 . 2 5  K H z ) .  
D i s p l a y  
H o r i z o n t a l  a n d  v e r t i c a l  e y e  m o v e m e n t s  w e r e  d i s p l a y e d  
a s  x — y  c o o r d i n a t e s  o n  a n  o s c i l l o s c o p e  ( T e k t r o n i x  5 6 5 ) —  
S i n g l e  u n i t  a c t i v i t y  w a s  d i s p l a y e d  o n  t w o  s t o r a g e  
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oscilloscopes. One storage scope monitored the general 
neural activity but was tied to a switch panel which 
allowed up to six channels of data to be simultaneously 
displayed. This scope was frequently used to determine the 
relationship between eye movements and the neural 
instantaneous firing frequency. 
A second storage oscilloscope was connected to the 
output of a window discriminator. This scope was generally 
run at high speed to monitor the reliability of the 
discriminator. 
All data channels were available for input into to a 
PDP 1]/10 minicomputer where analog signals were sampled 
and stored at selectable rates from 1;HZ to 2 KHz and 
discrete event signals were stored as a time of occurence. 
Data were graphically displayed on a Tektronix 4010 storage 
terminal with each of the selected data channel 
simultaneously plotted as a time varying function. 
The cursor controls on the display terminal allowed 
detailed graphical inspection of any portion of the data. 
The cursor also served to delineate the beginning and 
ending points of graphically displayed eye movements and 
neural event data. These measurements resulted in a 
computation of the saccadic starting position, ending 
position, size, and velocity and the neural discharge 
number, duration, average frequency, and onset latency. 
The results of these computations were sent to a 
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p r i n t e r .  Mos t  measu remen ts  o f  t he  eye  movemen t  and  neu ra l  
da ta  we re  t aken  f r om tape  reco rd ings  wh i ch  we re  d i g i t i zed  
and  d i sp layed  i n  t h i s  manne r .  
Pho tog raph i c  r eco rds  o f  bo th  osc i l l o scope  and  compu te r  
g raph i cs  we re  made  w i t h  Po la ro i d  cameras .  Compu te r  g raph i cs  
we re  a l so  ob ta i ned  f r om a  Tex t ron i x ;D ig i t a l  P l o t t e r  (Mod .  
4662 ) .  F i gu re  1 ;  i s  a  pho tog raph i c  r ep roduc t i ons  o f  t he  
compu te r  d i sp lay  sc reen .  The  t i c  marks  on  t he  t op  t r ace  
i nd i ca te  t he  occu rance  o f  a  w indow  d i sc r im ina ted  neu ra l  
even t .  The  second  t r ace  ( ch  1 )  and  t h i r d  t r ace  ( ch  2 ) ,  
r ep resen t  ho r i zon ta l  and  ve r t i ca l  componen ts  o f  t he  eye  
movemen t .  No te  a l so  t he  " c ross  ha i r "  cu rso r  l i nes  used  t o  
de l i nea te  po r t i ons  o f  t he  g raph i ca l  da ta .  I n  F ig .  2A , . t he  
d i scha rge  p recedes  a  spon taneous  saccade  by  28  msec .  No te  
t ha t  t he  ma in  bu rs t  i s  c l ose l y  t imed  t o  t he  onse t  o f  t he  
saccade .  F i gu re  2B  shows  t he  ac t i v i t y  o f  t he  same  un i t  t o  
beg in  72  msec ,  be fo re  t he  saccade .  The  ma in  bu rs t ,  
howeve r ,  i s  s t i l l  c l ose l y  t imed  t o  t he  saccade  onse t .  
The  p ro f i l e  o f  saccade  r e l a ted  neu ra l  ac t i v i t y  a l so  
va r i ed  f r om ce l l  t o  ce l l  and  as  such  t he  c r i t e r i on  f o r  
e i t he r  i nc l ud ing  o r  r e j ec t i ng  ce r t a i n  po r t i ons  o f  t he  
ac t i v i t y  i n  the  measu remen t  was  made  on  an  i nd i v i dua l  ce l l  
bas i s .  The  ac t i v i t y  pa t t e rn  o f  an  i nd i v i dua l  ce l l  was  o f t en  
no t  cons i s ten t  and  t he re fo re  t he  measu remen t  c r i t e r i on  was  
a t  t imes  somewha t  a rb i t r a r y .  
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Behavioral training 
Animals were trained to perform three eye movement 
task6. The first task required the animal to press a bar 
for liquid reward in response to a small step change in the 
luminance of a 0.1? target. This luminance step was 
adjusted in such a way that fixation of the target was 
required for detection. The second task required the 
animal to shift its gaze quickly in response to a sudden 
target displacement. Only eye movements which resulted in 
a reaquisition of the target within 300 msec, of target 
displacement and a maintenance of fixation at the new 
location for 1i5. sec. were rewarded. The third task 
required the animal to track a moving target without losing 
fixation for a predetermined period of time before being 
rewarded. 
Proper fixation of the target as a condition for 
reward in the three paradigms discussed above was 
determined electronically by comparing the target position 
signal with the eye postion signal. The permissable error 
for this "proper fixation" requirement was made more 
stringent as training progressed. Acceptable error at the 
time of recording was +/•>• 2°. 
Target presention 
The moving targets were produced by projecting a 0.1? 
spot onto the rear of a translucent screen (Edmond's # 
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70,935). This projector incorporated an x-y display scope 
(Texscan mod. DV120; type P4; phosphor) and projection lens 
(Buhl Optical 120-100). The scope luminance was set 
approximately 1;log unit above a very subdued ambient 
illumination. 
Sudden shifts in target location were produced by 
switching the inputs of the projector between a reference 
voltage (initial fixation position) and an adjustable 
voltage preset by a joy stick. Tracking targets were 
produced by driving the inputs of the projection system 
with voltages from a waveform generator (Wavetek mod. 154). 
Recording site determination 
Recording sites within the area of NRTP were initially 
identified by their relation to recordings made in the 
oculomotor nucleus. The neural activity of the motoneurons 
located therein is very stereotypic (as a class) and often 
are segregated into physiologically identifiable sub 
nuclei. From these recordings, a determination of the depth 
of the electrode tip as it passed through the midline was 
established. Proper coordinates for the NRTP were then 
extrapolated from a stereotaxic atlas. 
An electrolytic lesion was placed in the recording 
area of interest in one of the monkeys. The microelectrode 
tracks were subsequently reconstructed on the basis of 
histological localization of the lesion in one monkey (see 
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The m idbra in  was  sec t ioned  a t  20  m ic rons  and  
subsequen t l y  s ta ined  w i th  o res , !  v io le t .  The  ac t i v i t y  In  
NRTP was  d i s t inc t  and  cons is ten t  w i th  a l l  the  an ima ls .  I n  
subsequen t  moneys ,  the  un i t s  were  loca ted  on  the  bas is  o f  
record ings  In  o ther  known s t ruc tu res  (F ig .  3 B i l l us t ra tes  
un i t  l oca t ions  fo r  one  o f  these  two  monkeys) .  
BESULIS 
S i n g l e - u n i t  r e c o r d i n g s  w e r e  o b t a i n e d  f r o m  a  t o t a l  o f  
9 6 '  e y e  m o v e m e n t  r e l a t e d  u n i t s .  P e n e t r a t i o n s  i n t o  t h e  
o c u l o m o t o r  a n d  t r o c h l e a r  n u c l e i  y i e l d e d  8  u n i t  r e c o r d i n g s .  
S u b s e q u e n t  p e n e t r a t i o n s  w e r e  r e f e r e n c e d  t o  t h e s e  l a n d m a r k s .  
O f  t h e  r e m a i n i n g  8 8  u n i t s ,  7 0  w e r e  j u d g e d  t o  l i e  
w i t h i n  o r  v e r y  c l o s e  t o  t h e  N R T P .  U n i t s  w e r e  i n i t i a l l y  
d i v i d e d  i n t o  t w o  g r o u p s ;  t h o s e  w h i c h  w e r e  a c t i v e  o n l y  i n  
a s s o c i a t i o n  w i t h  s a c c a d e s  ( P u r e  B u r s t  u n i t s )  a n d  t h o s e  
w h i c h  r e m a i n e d  a c t i v e  d u r i n g  t h e  i n t e r s a c c a d i c  i n t e r v a l  
( S p o n t a n e o u s l y  A c t i v e  u n i t s ) .  T h e  l a t t e r  c a t e g o r y  w a s  
f u r t h e r  s u b d i v i d e d  o n  t h e  b a s i s  o f  t h e  r e g u l a r i t y  o f  
i n t e r s a c c a d i c  d i s c h a r g e ,  . e x c i t a t i o n  o r  i n h i b i t i o n  d u r i n g  
s a c c a d e s ,  m o d u l a t i o n  d u r i n g  p u r s u i t  t r a c k i n g ,  m o d u l a t i o n  b y  
f i x a t i o n  p o s i t i o n ,  a n d  v i s u a l  s e n s i t i v i t y .  
B u r s t / S p o n t a n e o u s  u n i t s  b u r s t  f o r  s a c c a d e s  a n d  d i s c h a r g e d  
u n e v e n l y  b e t w e e n  s a c c a d e s .  T h e s e  u n i t s  e i t h e r  b u r s t  i n  o n e  
d i r e c t i o n  a n d  p a u s e d  i n  t h e  o p p o s i t e  d i r e c t i o n ,  o r  t h e y  
d i s p l a y e d  a  b u r s t - p a u s e  s e q u e n c e  i n  o n e  d i r e c t i o n  a n d  w e r e  
u n m o d u l a t e d  f o r  s a c c a d e s  i n  t h e  o p p o s i t e  d i r e c t i o n .  
B u r s  t / S p o r r t  a n e o u s  P u r s u i t  u n i t s  d i s p l a y e d  a  s p o r a d i c  
d i s c h a r g e  d u r i n g  f i x a t i o n ,  a  b u r s t  d i s c h a r g e  f o r  s a c c a d e s  
i n  c e r t a i n  d i r e c t i o n s ,  a n d  a  s t r o n g  m o d u l a t i o n  d u r i n g  
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s m o o t h  p u r s u i t .  B u r s t / v T a n i c "  u n i t s  h u r s t  f o r  s a c c a h e s  i n  
c e r t a i n  d i r e c t i o n s  a n d  m a n i f e s t e d  a  f a i r l y  h i g h  a n d  r e g u l a r  
d i s c h a r g e  r a t e  d u r i n g  f i x a t i o n .  H a l f  o f  t h e s e  w e r e  
m o d u l a t e d  b y  f i x a t i o n  
x a t i o n  p o s i t i o n .  B u r s t / P a u s e  u n i t s  d i s p l a y e d  
s a c c a d e  r e l a t e d  p a u s e s  o n  = .  .  
p o n t a n e o u s l y  a c t i v e  b a c k g r o u n d  
i n  a d d i t i o n  t o  n i o d L i i a i < < - > n  < • »  m o d u l a t i o n  f o r  p u r s u i t  t r a c k i n g  a n d  a  
f i x a t i o n  p o s i t i o n  s e n s i t i v i t y .  
D u r i n g  t h e  c o u r s e  o f  t h e  s t u d y ,  I n t r o d u c t i o n  o f  n e w  
e x p e r i m e n t a l  c o n d i t i o n s  r e s u l t e d  f r o m  a  n e e d  t o  m o r e  
a d e q u a t e l y  t e s t  e m e r g i n g  r e l a t i o n s h i p s .  T h e r e f o r e ,  o n l y  a  
f e w  O f  t h e  u n i t s  w e r e  t e s t e d  u n d e r  a l l  o f  t h e  e x p e r i m e n t a l  
c o n d i t i o n s .  E a c h  u n i t  w a s  c l a s s i f i e d  a c c o r d i n g  t o  t h e  
r e s u l t s  o f  t h e  m a n i p u l a t i o n s  a v a i l a b l e  a t  t h a t  t i m e .  
T h e r e f o r e ,  a  u n i t  t e s t e d  e a r l y  i n  t h e  s t u d y  m i g h t  b e  
I n c l u d e d  i n  a  m o r e  r e s t r i c t e d  c a t e g o r y  t h a n  i t  w o u l d  h a v e  
b e e n  h a d  i t  b e e n  t e s t e d  a t  s o m e  l a t e r  d a t e .  
F o r  e a c h  t y p e  o f  u n i t  s e v e r a l  f i e l d  m a p s  l i k e  t h o s e  
o f  F i g s .  4 ! a n d  5  w e r e  g e n e r a t e d  u s i n g  d i s c h a r g e  p a r a m e t e r s  
o t h e r  t h a n  n u m b e r  o f  s p i k e s / b u r s t .  T h e  m o s t  r e l i a b l e  
m e a s u r e  o f  t h e  r e l a t i o n  o f  s a c c a d e s  t o  n e u r a l  d i s c h a r g e  w a s  
t h o u g h t  t o  b e  a  m a p p i n g  o f  a v e r a g e  f r e q u e n c y  o f  t h e  b u r s t .  
T h i s  p a r a m e t e r  i s  l e s s  s u s c e p t i b l e  t o  m e a s u r e m e n t  e r r o r  
w h e n  a  q u e s t i o n  a s  t o  w h e r e  t h e  b u r s t  a c t u a l l y  b e g i n s  a n d  
e n d s  a r i s e s .  I f  t h e  m e a s u r e m e n t  i s  t o o  g e n e r o u s -  m e a n i n g  
t h a t  a  n u m b e r  o f  s p i k e s  o u t s i d e  o f  t h e  b u r s t  p r o p e r  a r e  
i n c l u d e d -  t h e n  t h e  t o t a l  n u m b e r  o f  s p i k e s  w o u l d  b e  h i g h e r ,  
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b u t  t h e  a v e r a g e  b u r s t  f r e q u e n c y  m e a s u r e  w o u l d  b e  l o w e r .  A s  
b u r s t <  d u r a u i o n  d a t a  i s  a v a i l a b l e  o r r  o n l y  a  s m a l l  p e r c e n t a g e  
o f  t h e  u n i t s  e x a m i n e d , . t h e  r e s u l t s  w i l l  b e  p r e s e n t e d  i n  
t e r m s  o f  n u m b e r  o f  s p i k e s / b u r s t .  B u r s t - s a c c a d e  l a t e n c y  
c o n t a i n e d  s o m e  i n f o r m a t i o n  a b o u t  t h e  d i r e c t i o n  a n d  e x t e n t  
o f  t h e  e y e  m o v e m e n t .  I n  a p p r o x i m a t e l y  h a l f  o f  t h e  
s a m p l e  p l o t s ,  b u r s t  l e a d  i n c r e a s e d  i n  a s s o c i a t i o n  w i t h  
s a c c a d e s  m a d e  e i t h e r  i n  a  c e r t a i n  g e n e r a l  d i r e c t i o n  o r  t o  a  
p a r t i c u l a r  l o c a t i o n  i n  t h e  e y e  m o v e m e n t  f i e l d .  A l t h o u g h  
t h e  h i g h e s t  i n s t a n t a n e o u s  d i s c h a r g e  f r e q u e n c y  w a s  u s u a l l y  
a s s o c i a t e d  w i t h  s a c c a d e s  i n  s o m e  g e n e r a l  d i r e c t i o n  o r  t o  
s o m e  p a r t i c u l a r  l o c a t i o n ,  e q u a l l y  h i g h  r a t e s  w e r e  o f t e n  
s c a t t e r e d  e l s e w h e r e .  B u r s t  d u r a t i o n  w a s  a  m i l d  i n d i c a t o r  o f  
s a c c a d e  a m p l i t u d e  i n  a b o u t  h a l f  o f  t h e  u n i t s  m a p p e d  f o r  
t h i s  p a r a m e t e r .  
IXBS 
I .  P u r e  B u r s t  u n i t s  ( 3 5 ) :  
P u r e  b u r s t  u n i t s  w e r e  c h a r a c t e r i s e d  b y  b u r s t s  f o r  
s a c c a d e s  a n d  t h e  l a c k  o f  s p o n t a n e o u s  o r  t o n i c  a c t i v i t y  
p r e s e n t  d u r i n g  t h e  i n t e r s a c c a d i c  i n t e r v a l .  T w e n t y - f i v e  o f  
t h e s e  u n i t s  w e r e  e x t e n s i v e l y  t e s t e d .  
T w e n t y - o n e  o f  t h e s e  p u r e  b u r s t  u n i t s  h a d  a  m a x i m u m  o f  
a c t i v i t y  a s s o c i a t e d  w i t h  s a c c a d e s  m a d e  t o  a  p a r t i c u l a r  
location within the physiological saccadic field. Figure 7'. 
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d e m o n s t r a t e s  t h i s  m o v e m e n t  f i e l d  p r o p e r t y  f o r  t w o  u n i t s .  
B u r s t  i n t e n s i t y  ( s p i k e s / b u r s t ) . i s  p l o t t e d  w i t h  r e s p e c t  t o  
t h e  h o r i z o n t a l  a n d  v e r t i c a l  c o m p o n e n t s  o f  s p o n t a n e o u s  
s a c c a d e s .  T h e  c o o r d i n a t e  s y s t e m  s h o w n  h e r e  i s  r e t i n o t o p l c  
a n d ,  a s  s u c h ,  i n d i c a t e s  t h e  a m p l i t u d e  a n d  d i r e c t i o n  o f  t h e  
e y e  m o v e m e n t  r e l a t i v e  t o  i t s  p r e v i o u s  f i x a t i o n  p o s i t i o n .  I n  
g e n e r a l , . o n l y  s a c c a d e s  w h i c h  w e r e  a s s o c i a t e d  w i t h  a  b u r s t  
o f  n e u r a l  a c t i v i t y  w e r e  p l o t t e d .  
A n  a t t e m p t  w a s  m a d e  t o  r e d u c e  t h e  v a r i a b i l i t y  i n  t h e  
d a t a  b y  c o n s t r a i n i n g  t h e  s a c c a d e s  t o  t h o s e  e v o k e d  b y  t a r g e t  
d i s p l a c e m e n t  o r i g i n a t i n g  f r o m  p r i m a r y  p o s i t i o n .  F i g u r e  4 A  
i s  a  p l o t  o f  t h e  m o v e m e n t  f i e l d  g e n e r a t e d  i n  t h i s  w a y .  F o r  
c o m p a r i s o n ,  F i g .  4 B  s h o w s  t h e  m o v e m e n t  f i e l d  g e n e r a t e d  b y  
s p o n t a n e o u s  s a c c a d e s .  A l t h o u g h  t h e  b u r s t  i n t e n s i t y  i s  
s o m e w h a t  g r e a t e r  w h e n  t h e  s a c c a d e s  a r e  d i r e c t e d  f r o m  
p r i m a r y  p o s i t i o n ,  t h e  v a r i a n c e  i s  n o t  d e c r e a s e d .  N o t e  a l s o  
t h a t  t h e  m a x i m a  o f  t h e  m o v e m e n t  f i e l d s  a p p e a r  a t  
a p p r o x i m a t e l y  t h e  s a m e  l o c a t i o n ;  T O - 1 2  d e g r e e s  i n  F i g .  4 A  
a n d  8 - 1 0  d e g r e e s  i n  F i g .  4 J 3 .  T h i s  i n d i c a t e s  a  r e t i n o t o p i c  
c o o r d i n a t e  o r g a n i z a t i o n  f o r  t h e  m o v e m e n t  f i e l d .  
T w o  o f  t h e  p u r e  b u r s t  u n i t s  w h i c h  d i d  n o t  e x h i b i t  t h e  
m o v e m e n t  f i e l d  p r o p e r t y  o n  t h e  b a s i s  o f  t h e  n u m b e r  o f  
s p i k e s / b u r s t  d i d  s h o w  s u c h  a  p r o p e r t y  w h e n  a n a l y z e d  i n  
t e r m s  o f  a v e r a g e  f r e q u e n c y / b u r s t s  ( s e e  F i g s .  5 A  a n d  5 B  f o r  
c o m p a r i s o n ) .  I n  F i g .  5 A ,  t h e  r e s p o n s e  o f  t h e  u n i t  ( m e a s u r e d  
i n  n u m b e r  o f  s p i k e s / b u r s t ) , i n c r e a s e s  i n  a  s o m e w h a t  n o i s y ,  
b u t  r n o n o t o n i c  f a s h i o n .  T h e  p l o t  o f  a v e r a g e  f r e q u e n c y / b u r s t  
i n  F i g .  5 B  s h o w s  a  n o n - m o n o t o n i c  i n c r e a s e  o f  a c t i v i t y  t o  
p e a k  a t  a b o u t  5  d e g r e e s .  
F o u r  o f  t h e  p u r e  b u r s t  u n i t s  i n c r e a s e d  t h e i r  a c t i v i t y  
w i t h  i n c r e a s e s  o f  s a c c a d e  a m p l i t u d e  e i t h e r  a l o n g  o n e  a x i s  
( 1 ) ,  w i t h i n  o n e  q u a d r a n t  o r  s e c t o r  ( 1 ) ,  o r  w i t h i n  o n e  
h e m i s p h e r e  ( 2 ) .  B e c a u s e  s a c - c a d e s  w e r e  n o t  m a d e  t o  e v e r y  
p o s s i b l e  l o c a t i o n  i n  t h e  e y e  m o v e m e n t  f i e l d ,  t h e  
p o s s i b i l i t y  e x i s t s  t h a t  s o m e  o f  t h e s e  u n i t s  w h i c h  w e r e  
c l a s s i f i e d  a s ,  f o r  e x a m p l e , . h a v i n g  s a c c a d i c  r e l a t e d  
a c t i v i t y  w h i c h  i n c r e a s e d  a l o n g  a  s i n g l e  a x i s  m a y  h a v e  s h o w n  
a  b h o a d e r  r e s p o n s e  p r o f i l e  i f  t e s t e d  m o r e  e x t e n s i v e l y  ( e . g .  
q u a d r a n t  o r  h e r n i f i e l d ) . ,  
T h e  m o v e m e n t  f i e l d  p r o p e r t i e s  o f  t e n  p u r e  b u r s t  u n i t s  
w e r e  l e f t  u n c l a s s i f i e d  a s  i n s u f f i c i e n t  d a t a  w a s  a v a i l a b l e  
t o  m a k e  t h a t  d e t e r m i n a t i o n . '  
S e v e n  p u r e  b u r s t  u n i t s  w e r e  e x a m i n e d  f o r  v i s u a l  
s e n s i t i v i t y  t o  t h e  s a c c a d e  t a r g e t  l i g h t .  F o u r  o f  t h e s e  
u n i t s  d i s c h a r g e d  i n  r e s p o n s e  t o  t a r g e t  a p p e a r a n c e .  F i g u r e  
8  s h o w s  c o n s e c u t i v e  t r i a l s  i n  w h i c h  t h e  t a r g e t  a p p e a r e d  
w i t h i n  t h e  m o v e m e n t  f i e l d  o f  o n e  u n i t .  N o t e  t h a t  t h e  
a c t i v i t y  o f  t h e  u n i t  c o n s i s t e n t l y  b e g i n s  a r o u n d  1 0 0  m s e c ,  
a f t e r  t h e  t a r g e t  d i s p l a c e m e n t .  N o t e  a l s o  t h a t  t h e  o n s e t  o f  
u n i t  a c t i v i t y  i s  u n r e l a t e d  t o  s a c c a d i c  l a t e n c y .  A  s o m e w h a t  
b e t t e r  d e m o n s t r a t i o n  o f  t h e  s t r o n g  v i s u a l  c o u p l i n g  o f  t h i s  
e a r l y  a c t i v i t y  i s  s h o w n  f o r  t h e  s a m e  u n i t  i n  t h e  p e r i  e v e n t  
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h i s t o g r a m s  i n  F i g .  9 .  W h e n  t h e  a c t i v i t y  i s  a l i g n e d  o n  t h e  
t a r g e t  d i s p l a c e m e n t ,  t h e  p r o f i l e  o f  t h e  a c t i v i t y  i s  s h o w n  
t o  b e  a  d e n s e  i n c r e a s e  a t  a p p r o x i m a t e l y  1 0 0  m s e c .  ( F i g ,  
9 A ) .  W h e n  t h e  a c t i v i t y  i s  a l i g n e d  o n  t h e  o n s e t  o f  t h e  
s a c c a d e ,  t h e  e a r l y  a c t i v i t y  i s  q u i t e  s c a t t e r e d  ( F i g .  9 B ) . -
s h o w i n g  a  l a c k < o f  c o u p l i n g  o f  t h e  e a r l y  a c t i v i t y  t o  t h e  
e y e m o v e m e n t ,  b u t  a  s t r o n g  l a t e  c o m p o n e n t  c o u p l i n g  t o  t h e  
s a c c a d e .  T h u s ,  t h e s e  u n i t s  c a r r y  i n f o r m a t i o n  b o t h  a b o u t  
t a r g e t  l o c a t i o n  a n d  s a c c a d e  s i z e  a n d  d i r e c t i o n  i n  
r e t i n o t o p i c  c o o r d i n a t e s .  
T a b l e  I  s u m m a r i z e s  t h e  n e u r a l  d i s c h a r g e  p a r a m e t e r s  f o r  
a  n u m b e r  o f  t h e  p u r e  b u r s t  c e l l s .  T h e  v a l u e s  g i v e n  a r e  
t h o s e  w h i c h  a r e  r e p r e s e n t a t i v e  o f  t h e  u p p e r  a n d  l o w e r  
b o u n d s  o f  t h e  p a r a m e t e r  a n d ,  t h e r e f o r e ,  i n  s o m e  c a s e s  
e x c l u d e  t h e  m o s t  e x t r e m e  v a l u e s .  
T h e  m e a n s  a n d  v a r i a n c e s  a r e  d r a w n  d i r e c t l y  f r o m  t h e  
r a n g e  o f  v a l u e s  l i s t e d .  T h e  l o w e r  l i m i t  o f  t h e  b u r s t  
d u r a t i o n  a v e r a g e d  1 7 ' . m s e c .  ( S . D .  6 )  w i t h  a n  u p p e r  l i m i t  o f  
5 5 . m s e c .  ( S . D .  3 < 1 ) «  T h e  g r o u p  m e a n  n u m b e r  o f  s p i k e s  / b u r s t  
v a r i e d  f r o m  3 '  ( S . D .  2 )  t o  1 9  ( S . D .  8 ) .  T h e  g r o u p  m e a n  
f r e q u e n c y / b u r s t  w a s  f r o m  1 3 8  s p i k e s / s e c o n d  ( S . D .  3 8 )  t o  5 1 8  
s p i k e s / s e c o n d  ( S . D .  1 0 0 ) .  
T h e  l a t e n c y  f r o m  b u r s t  o n s e t  t o  t h e  b e g i n n i n g  o f  t h e  
s a c c a d e  w a s  e x a m i n e d  i n  1 4 . p u r e  b u r s t  u n i t s .  F i v e  o f  t h e s e  
b e g a n  d i s c h a r g i n g  w i t h i n  2 0  m s e c ,  p r i o r  t o  t h e  s a c c a d e  
o n s e t ,  w h i l e  9 - u n i t s  b e g a n  d i s c h a r g i n g  e a r l i e r  t h a n  2 0  
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msec. Seven of 10 units began discharging before saccades 
made into the general field of maximum acitivity and it was 
possible to establish that out of 10 units had pre-
s a c c a d i c  l a t e n c i e s  r o u g h l y  c o r r e l a t e d  w i t h  m a x i m u m  
activity. 
II. Spontaneously Active Units (25): 
A. Burst/Spontaneous units (12)« 
This type of unit is characterized by its uneven 
ongoing discharge rate during intersaccadic fixation. 
Figure 1Q shows such activity. Note also the strong burst 
o c c u r i n g  l a t e  in  t h e  s a c c a d e .  F o r  m o s t  o f  t h e  
Burst/Spontaneous units the background discharge rate was 
un r e l a t e d  t o  ei t h e r  h o r i z o n t a l  o r  ver t i c a l  f i x a t i o n  
positions (Fig. 1.1). In some cases, Burst/Spontaneous 
units which burst in one direction paused in the opposite 
direction. 
Other Burst/Spontaneous units were encountered which 
displayed a burst-pause sequence of activity. Figure 12 
dep i c t s  t h e  u n i t  r e s p o n s e  i n i t i a t e d  p r i o r  t o  e x t r e m e l y  
small (0.1 ?). vertical refixation saccades. The burst-pause 
sequence for another unit CFig. 13) is shown for small 
saccades in the "catch up" period during pursuit tracking. 
Often, burst-pause units did not show modulation for 
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s a c c a d e s  m a d e  i n  t h e  o p p o s i t e  d i r e c t i o n  ( F i g .  1 4 ) .  
T h r e e  o f  t h e  B u r s t / S p o n t a n e o u s  u n i t s  d i s p l a y e d  a  
m o v e m e n t  f i e l d  p r o p e r t y .  F o u r  o f  t h e s e  i n c r e a s e d  t h e i r  
a c t i v i t y  w i t h  i n c r e a s e s  o f  s a c c a d i c  a m p l i t u d e  e i t h e r  w i t h i n  
o n e  q u a d r a n t  ( 3 )  o r  w i t h i n  o n e  h e m i s p h e r e  ( 1 ) .  
T h e  s a c c a d e  r e l a t e d  p r o p e r t i e s  o f  5  B u r s t / S p o n t a n e o u s  
u n i t s  w e r e  l e f t  u n c l a s s i f i e d  a s  i n s u f f i c i e n t  d a t a  w a s  
a v a i l a b l e  t o  m a k e  t h a t  d e t e r m i n a t i o n .  
T a b l e  I I  s u m m a r i z e s  t h e  n e u r a l  d i s c h a r g e  p a r a m e t e r s  
f o r  a  n u m b e r  o f  t h e  B u r s t / S p o n t a n e o u s  c e l l s .  T h e  l o w e r  
l i m i t  o f  b u r s t  d u r a t i o n  a v e r a g e d  2 8  m s e c .  ( S . D .  1 2 ) . w i t h  a n  
u p p e r  l i m i t  o f  1 0 8  m s e c .  ( S . D .  3 0 ) .  T h e  m e a n  n u m b e r  o f  
s p i k e s  /  b u r s t  v a r i e d  f r o m  4  ( S . D .  3 )  t o  1 8  ( S . D .  6 3 .  T h e  
g r o u p  m e a n  f r e q u e n c y / b u r s t ,  w a s  f r o m  9 5  s p i k e s / s e c o n d  ( S . D .  
3 1 )  t o  3  ' 1  H I  s p i k e s / s e c o n d  ( S . D .  1 6 7 ) *  
B u r s t  l a t e n c y  t o  s a c c a d e  w a s  e x a m i n e d  i n  4 . o f  t h e s e  
u n i t s .  I n  3 '  o f  t h e s e ,  . t h e  b u r s t  b e g a n  a f t e r  t h e  s a c c a d e  
o n s e t .  T h e  o n s e t  l a t e n c i e s  o f  t h e  r e m a i n i n g  u n i t  w e r e  
e v e n l y  d i v i d e d  b e t w e e n  t h o s e  o c c u r i n g  b e f o r e  a n d  t h o s e  
o c c u r i n g  a f t e r  t h e  s a c c a d e  o n s e t .  O n l y  i n  t h i s  l a s t  u n i t  
w a s  t h e  d i s c h a r g e  o n s e t  l a t e n c y  r e l a t e d  t o  t h e  d i r e c t i o n  o f  
m a x i m u m  a c t i v i t y .  
B .  B u r s t / S p o n t a n e o u s  P u r s u i t  u n i t s  ( 3 ) .  
T h e s e  u n i t s  d i s p l a y e d  a  s p o r a d i c  d i s c h a r g e  d u r i n g  
f i x a t i o n ,  a  b u r s t  d i s c h a r g e  f o r  s a c c a d e s  i n  c e r t a i n  
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d i r e c t i o n s ,  a n d  a  s t r o n g  m o d u l a t i o n  d u r i n g  s m o o t h  p u r s u i t *  
F i g u r e  1 5 A  s h o w s  t h e  s a c c a d i c  d i s c h a r g e  c h a r a c t e r i s t i c  o f  
o n e  u n i t  o f  t h i s  t y p e  w h i c h  b u r s t s  f o r  s a c c a d e s  m a d e  i n t o  
t h e  l e f t  h e m i f i e l d .  T h e  i n s t a n t a n e o u s  f r e q u e n c y  p r o f i l e  
f o r  t h i s  s a m e  u n i t  d u r i n g  p u r s u i t  i s  s h o w n  i n  F i g .  1 5 B .  T h e  
m a x i m u m  i m p u l s e  r a t e  c o i n c i d e s  w i t h  t h e  m a x i m u m  v e l o c i t y  o f  
l e f t w a r d  p u r s u i t .  
O n l y  o n e  o f  t h e s e  u n i t s  w a s  t e s t e d  f o r  a n d  s h o w n  n o t  
t o  h a v e  v i s u a l  s e n s i t i v i t y  t o  t h e  m o v i n g  t a r g e t *  
I n  a l l ,  t h e  a c t i v i t y  o f  1 6 ' u n i t s  w a s  m o d u l a t e d  w i t h  
r e g a r d  t o  e i t h e r  p u r s u i t  e y e  m o v e m e n t s , . p u r s u i t  t a r g e t  
m o t i o n ,  o r  b o t h  ( F i g .  1 6 ) -  A s  t h e s e  a p p e a r e d  u n r e l a t e d  t o  
s a c c a d i c  e y e m o v e m e n t s  a n d / o r  w e r e  s c a t t e r e d  b e l o w  N R T P  ( 9 ) ,  
t h e y  w i l l  b e  e x c l u d e d  f r o m  f u r t h e r  d i s c u s s i o n .  
C .  B u r s t / w T o n i c "  u n i t s  ( 4 ) .  
B u r s t / M T o n i c "  u n i t s  w e r e  c h a r a c t e r i z e d  b y  f a i r l y  
h i g h  a n d  r e g u l a r  r a t e s  o f  d i s c h a r g e  d u r i n g  i n t e r s a c c a d i c  
f i x a t i o n .  O n e  o f  t h e s e  e x h i b i t  a  r e m a r k a b l y  c o n s t a n t  f i r i n g  
r a t e  w h i c h  w a s  u n r e l a t e d  t o  f i x a t i o n  p o s i t i o n  ( F i g *  1 7 ) .  
T h i s  u n i t  s h o w s  a  b u r s t - p a u s e  s e q u e n c e  e n d i n g  i n  a  r e t u r n  
t o  a p p r o x i m a t e l y  t h e  s a m e  t o n i c  r a t e .  
T w o  c e l l s  w e r e  m o d u l a t e d  b y  f i x a t i o n  p o s i t i o n .  O n e  
s u c h  b u r s t - p a u s e  c e l l  ( F i g .  1 9 )  b e c a m e  c o m p l e t e l y  i n a c t i v e  
f o r  e x t r e m e  e y e  f i x a t i o n  p o s i t i o n .  F i g u r e  1 9  d e p i c t s  t h e  
l o o s e  p o s i t i o n  s e n s i t i v i t y  o f  a  c e l l  w h i c h  u n p r e d i c t a b l y  
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m a n i f e s t e d  a  b u r s t - p a u s e  s e q u e n c e  f o r  d o w n w a r d  s a c c a d e s .  
N e i t h e r  o f  t w o  B u r s t / " T o n i c "  u n i t s  t e s t e d  e x h i b i t e d  a  
m o v e m e n t  f i e l d  p r o p e r t y .  O n e  u n i t  d i d  i n c r e a s e  a c t i v i t y  
w i t h i n  o n e  q u a d r a n t  a n d  t h e  s e c o n d  w i t h i n  o n e  h e m i s p h e r e .  
T a b l e  I I I  s u m m a r i z e s  t h e  n e u r a l  d i s c h a r g e  p a r a m e t e r s  
f o r  t h e s e  t w o  u n i t s .  T h e  g r o u p  m e a n  b u r s t  d u r a t i o n  w a s  
b e t w e e n  2 3 '  m s e c .  ( S . D .  1 9 )  a n d  6 6 *  m s e c .  ( S . D .  1 3 ) .  T h e  
g r o u p  m e a n  n u m b e r  o f  s p i k e s / b u r s t  v a r i e d  f r o m  3 <  ( S . D .  0 )  t o  
1 3  ( S . D .  4 ) .  T h e  g r o u p  m e a n  f r e q u e n c y / b u r s t  w a s  f r o m  7 5 .  
s p i k e s / s e c o n d  ( S . D .  2 ) . t o  4 3 0  s p i k e s / s e c o n d  ( S . D .  7 1 ) .  
T h e  m e a n  " t o n i c "  d i s c h a r g e  f r e q u e n c y  f o r  t h e  t w o  u n i t s  
w a s ,  r e s p e c t i v e l y ,  2 7 !  s p i k e s / s e c o n d  ( S . D .  9 )  a n d  3 4  
s p i k e s / s e c o n d  ( S . D .  1 2 ) .  O n e  o f  t h e s e  u n i t s  i n c r e a s e d  
a c t i v i t y  a s  e a r l y  a s  6 4  m s e c ,  b e f o r e  s o m e  s a c c a d e s .  T h e  
r e m a i n i n g  u n i t  a l w a y s  d i s c h a r g e d  f o l l o w i n g  t h e  s a c c a d e  
o n s e t .  
D .  P a u s e  u n i t s  ( 6 ) »  
T h e  b a c k g r o u n d  o f  a c t i v i t y  u p o n  w h i c h  t h e  p a u s e s  
o f  t h e s e  u n i t s  a p p e a r e d  w a s  c h a r a c t e r i z e d  a s  s p o n t a n e o u s .  
A l t h o u g h  t h e  p r o m i n e n t  f e a t u r e  o f  t h e s e  u n i t s  w a s  a  p a u s e  
f o r  s a c c a d e s  i n  m o s t  d i r e c t i o n s  o t h e r  f e a t u r e s  b e c a m e  
e v i d e n t  u p o n  c l o s e r  i n s p e c t i o n .  F i g u r e  2 0 A  ( p r e v i o u s l y  
d e s c r i b e d )  s h o w s  n u m e r o u s  p a u s e s  f o r  r i g h t w a r d  s a c c a d e s .  
F i g u r e  2 0 B  s h o w s  t h a t  t h i s  u n i t  a l s o  h a s  a  s e n s i t i v i t y  t o  
f i x a t i o n  p o s i t i o n .  A  d e t a i l  o f  t h i s  f i g u r e  i s  p r e s e n t e d  i n  
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F i g .  2 0 C  w h i c h  r e v e a l s  a  s m a l l  b u r s t  f o l l o w i n g  s a c c a d e  
o n s e t .  T h i s  b u r s t  f e a t u r e  w a s  f o u n d  t o  b e  v e r y  l a b i l e  a n d ,  
a s  s u c h , . n o t  c o n s i d e r e d  i n  t h i s  a n a l y s i s .  F i g u r e  2 i ; s h o w s  
t h e  d i s c h a r g e  s e n s i t i v i t y  f o r  t h i s  s a m e  u n i t  f o r  t w o  
f i x a t i o n  p o s i t i o n s  a l o n g  t h e  v e r t i c a l  m e r i d i a n .  E a c h  p o i n t  
r e p r e s e n t s  t h e  a v e r a g e  f r e q u e n c y  o v e r  a  f i x a t i o n  p e r i o d  o f  
a p p r o x i m a t e l y  5 ;  s e c o n d s .  
T h e  m o s t  r e m a r k a b l e  f e a t u r e  ( E c k m i l l e r  a n d  M a c k e b e n ,  
1 9 7 8 )  o f  t h r e e  o f  t h e  u n i t s  e x a m i n e d  i s  t h a t  t h e y  p a u s e  f o r  
s a c c a d e s  t o  a l m o s t  a n y  r e g i o n  o f  t h e  e y e  m o v e m e n t  f i e l d .  
T a b l e  I V  s u m m a r i z e s  t h e  p a u s e  p a r a m e t e r s  f o r  t h r e e  
c e l l s .  T h e  r a n g e  o f  p a u s e  d u r a t i o n  v a r i e d  g r e a t l y  b e t w e e n  
c e l l s ,  b u t  t h e  m e a n  v a l u e s  f o r  t h e  u p p e r  a n d  l o w e r  l i m i t s  
w e r e  s i g n i f i c a n t l y  h i g h e r  i n  t h e s e  a s  c o m p a r e d  t o  t h e  
previously described classes of cells (mean 84! msec., . 5.D. 
3 5  a n d  m e a n  1 7 7 ' . m s e c . ,  S . D .  8 1 ,  r e s p e c t i v e l y ) .  T h e  t h r e e  
u n i t s  v a r i e d  m a r k e d l y  i n  t h e i r  o n s e t  l a t e n c y  t o  s a c c a d e ,  
f o r  o n e  b e g a n  p a u s i n g  a f t e r  s a c c a d e  o n s e t ,  o n e  b e f o r e  
s a c c a d e  o n s e t ,  a n d  t h e  t h i r d  e q u a l l y  b e f o r e  a n d  a f t e r  
s a c c a d e  o n s e t .  
I I I .  T a r g e t  V i s u a l  u n i t s  ( 2 ) :  
A l t h o u g h  s e v e r a l  u n i t s  w e r e  e n c o u n t e r e d  w h i c h  
b e c a m e  a c t i v e  i n  a s s o c i a t i o n  w i t h  t h e  a p p e a r a n c e  o f  o r  t h e  
f i x a t i o n  o f  t h e  v i s u a l  t a r g e t ,  o n l y  o n e  w a s  e x a m i n e d  i n  
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d e t a i l .  F i g u r e  2 2 A  s h o w s  a  r e s p o n s e  o n s e t  a t  a p p r o x i m a t e l y  
2 0 0  m s e c ,  p r i o r  t o  t h e  f i r s t  ( f i x a t i o n )  s a c c a d e  d i r e c t e d  t o  
p r i m a r y  p o s i t i o n .  T h i s  a c t i v i t y  a p p e a r s  c o i n c i d e n t  w i t h  
t a r g e t  i l l u m i n a t i o n  ( a r r o w  a t  s t a r t  o f  t r a c e ) .  T h e  
a c t i v i t y  c e a s e s  9 0  m s e c ,  p r i o r  t o  t h e  s e c o n d  ( r e f i x a t i o n )  
s a c c a d e  i n i t i a t e d  b y  t a r g e t  d i s p l a c e m e n t .  S i x t e e n  m s e c ,  
a f t e r  r e f i x a t i o n  i t  r e s u m e s  a  l e v e l  o f  a c t i v i t y  w h i c h  i s  
m a i n t a i n e d  u n t i l  t h e  t a r g e t  i s  e x t i n g u i s h e d  a t  t h e  e n d  o f  
t h e  t r i a l  ( s e c o n d  a r r o w ) .  
F i g u r e s  2 2 B  a n d  2 2 C  s h o w  s i m i l a r  r e s u l t s  f o r  t r i a l s  i n  
w h i c h  t h e  t a r g e t  w a s  d i r e c t e d  t o  o t h e r  p a r t s  o f  t h e  v i s u a l  
f i e l d .  T h e  p r e s e n c e  o f  t h e  t a r g e t  a n y w h e r e  i n  t h e  v i s u a l  
f i e l d  a p p e a r s ,  h o w e v e r ,  . n o t  t o  b e  a  s u f f i c i e n t  c o n d i t i o n  
f o r  e x c i t i n g  t h i s  u n i t .  N o t e  t h a t  i n  F i g .  2 2 C  t h e  o n s e t  o f  
a c t i v i t y  d o e s  n o t  o c c u r  u n t i l  a f t e r  t h e  s a c c a d e s  ( i n i t i a t e d  
b y  t h e  o n s e t  o f  t h e  t a r g e t ) , h a v e  b r o u g h t  t h e  e y e  t o  t h e  
l o c a t i o n  o f  t h e  t a r g e t .  
d i a t n i b u U Q O i  
T h e  l o c a t i o n  o f  u n i t s  i n  t e r m s  o f  d i r e c t i o n a l  
p r e f e r e n c e  i s  s t r o n g l y  i p s i v e r s i v e  ( F i g .  3 ) «  T h e r e  a p p e a r s  
t o  b e  n o  t o p o g r a p h y  o f  u n i t s  o n  t h e  b a s i s  o f  m o v e m e n t  f i e l d  
s i z e .  
wscuasioa 
T h e  i n p u t  a n d  o u t p u t  c o n n e c t i v i t y  o f  t h e  N R T P  h a s  b e e n  
e x t e n s i v e l y  e x p l o r e d  a t  t h e  p u r e l y  a n a t o m i c a l  l e v e l .  T h e  
i n t e r n a l  o r g a n i z a t i o n  o f  t h e  s t r u c t u r e  s h o w s  a  p a r t i a l  
o v e r l a p p i n g  o f  i n p u t s  w h i c h  w o u l d  s u g g e s t  i n t e g r a t i o n .  
I n d e e d ,  K i t a i  ( 1 9 7 6 ) . f o u n d  t h a t  n u m e r o u s  i n p u t s  c o n v e r g e  
m o n o s y n a p t i c a l l y  o n t o  s i n g l e  N R T P  u n i t s  f r o m  s o u r c e s  
i n c l u d i n g  t h e  r e d  n u c l e u s ,  c e r e b r a l  p e d u n c l e ,  .  b r a c h i u m  
c o n j u n c t i v u m ,  a n d  t h e  i n t e r p o s i t u s  a n d  l a t e r a l  n u c l e i  o f  
t h e  c e r e b e l l u m .  T h e  n u c l e u s  d o e s ,  h o w e v e r ,  m a i n t a i n  a  
g e n e r a l  t h r o u g h - p u t *  D i f f e r e n t  c e r e b r a l  c o r t i c a l  a r e a s  
p r o j e c t  i n t o  d i f f e r e n t  a r e a s  o f  N R T P  w h i c h ,  i n  t u r n ,  
p r o j e c t  o n t o  d i f f e r e n t  c e r e b e l l a r  c o r t i c a l  a r e a s  
( B r o d a l ,  1 9 8 0 a j <  T h i s  s a m e  p r i n c i p l e  h o l d s  f o r  S C  w h i c h  
p r o j e c t s  v i a  N R T P  t o  L o b e  V I I  ( H a r t i n g ,  1 9 7 7 ) .  
A s  t h e  i n p u t s  t o  N R T P  a r i s i n g  f r o m  t h e  c e r e b e l l a r  
n u c l e i  d o  n o t  i n  g e n e r a l  g i v e  r i s e  t o  p r o j e c t i o n s  t o  t h e  
c o r r e s p o n d i n g  c e r e b e l l a r  c o r t i c a l  a r e a s ,  c o n s i d e r a b l e  
m o d i f i c a t i o n  o f  a c t i v i t y  w i t h i n  t h e  c h a i n  o f  N R T P  c e l l s  
w h i c h  f o r m  t h e  f e e d b a c k  l o o p  m i g h t  b e  e x p e c t e d .  
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P u r e  B u r s t  u n i t s  a n d  t h e  S C :  
I n  t h e  p r e s e n t  s t u d y , . t h e  m o s t  p r o m i n e n t  f e a t u r e  o f  
t h e  m a j o r i t y  o f  b u r s t  u n i t s  w a s  t h e i r  m o v e m e n t  f i e l d  
c h a r a c t e r i s t i c .  T h i s  p r o p e r t y  w a s  d e m o n s t r a t e d  b y  t h e  n o n ­
m o n o t o n i c  n a t u r e  o f  t h e  m a p p i n g  o f  n e u r a l  d i s c h a r g e  o n t o  
t h e  h o r i z o n t a l  a n d  v e r t i c a l  c o m p o n e n t s  o f  t h e  s a c c a d i c  e y e  
m o v e m e n t s .  T h e s e  u n i t s  b e a r  a  s t r o n g  s i m i l a r i t y  t o  t h o s e  
f o u n d  i n  t h e  d e e p e r  l a m i n a e  o f  t h e  S C  b y  S c h i l l e r  &  K o e r n e r  
( 1 9 7 , 1 ) *  W u r t z  &  G o l d b e r g  ( 1 9 7 1 ) *  a n d  S p a r k s  e t  a l  ( 1 9 7 6 ) .  
T h e  m e a n  o n s e t  o f  b u r s t  a c t i v i t y  f o r  7 0 1 . o f  t h e s e  N R T P  
u n i t s  b e g i n s  p r i o r  t o  t h e  s a c c a d e  a n d  f o r  5 0 % . o f  t h e  u n i t s ,  
t h e  d i s c h a r g e  o n s e t  a v e r a g e  i s  g r e a t e r  t h a n  2 0  m s e c .  -  t h e  
a v e r a g e  l a t e n c y  f o r  S C  s a c c a d e  r e l a t e d  b u r s t  a c t i v i t y .  
M o r e o v e r ,  a s  w i t h  s o m e  S C  u n i t s ,  3 8 % . o f  t h e  N R T P  m o v e m e n t  
f i e l d  u n i t s  s h o w e d  a  m a x i m u m  b u r s t  l e a d  i n  a s s o c i a t i o n  w i t h  
s a c c a d e s  m a d e  t o  t h e  c e n t e r  o f  t h e  m o v e m e n t  f i e l d  ( a s  
j u d g e d  b y  t h e  n u m b e r  o f  s p i k e s / b u r s t ) *  T h e  r a n g e  o f  
l a t e n c i e s  a s s o c i a t e d  w i t h  i n d i v i d u a l  s a c c a d e s  d o e s  n o t ,  
h o w e v e r ,  f a v o r  t h e  i n t e r p r e t a t i o n  t h a t  t h e s e  c e l l s  a r e  
d i r e c t l y  p o s t  s y n a p t i c  t o  S C  i n p u t s .  S e v e n t y  p e r c e n t  o f  
N R T P  m o v e m e n t  f i e l d  b u r s t  n e u r o n s  h a v e  l a t e n c i e s  b e g i n n i n g  
a f t e r  t h e  i n i t i a t i o n  o f  s o m e  s a c c a d e s  ( s e e  F i g .  2 3 ) -  w e l l  
o u t s i d e  t h e  r a n g e  o f  l a t e n c i e s  r e p o r t e d  f o r  t h e  S C  b y  
M o h l e r  a n d  W u r t z  ( 1 9 7 6 ) ,  S p a r k s ,  e t  a l  ( 1 9 7 6 5 ,  a n d  S p a r k s  
( 1 9 7 8 ) . w h e r e  b u r s t  d i s c h a r g e  w a s  n e v e r  l e s s  t h a n  1 0  m s e c .  
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p r i o r  t o  s a c c a d e s .  T h e  p o s s i b i l i t y  t h a t  t h e s e  N R T P  u n i t s  
m a y  b e  r e l a t e d  t o  s a c c a d e  t e r m i n a t i o n  r e m a i n s  u n t e s t e d .  I f  
t h i s  w e r e  t h e  c a s e , . t h e  v a r i a n c e  i n  t h e  l a t e n c y  m e a s u r e  
m i g h t  b e  e x p e c t e d  t o  b e  s m a l l e r  i f  t h e  u n i t  a c t i v i t y  w e r e  
a l i g n e d  w i t h  t h e  e n d  o f  t h e  s a c c a d e .  
T o p o g r a p h i c a l l y ,  u n i t  a c t i v a t i o n  i n  S C  i s  a s s o c i a t e d  
w i t h  c o n t r a v e r s i v e  s a c c a d e s  ( S c h i l l e r  &  K o e r n e r ,  1 9 7 1 )  
w h i l e  t h a t  i n  N R T P  i s  i p s i v e r s i v e  ( F i g .  3 ) *  T h e  l o c a t i o n  o f  
u n i t s  i n  N R T P  b a s e d  u p o n  s a c c a d e  d i r e c t i o n a l i t y  i s  i n  
k e e p i n g  w i t h  w h a t  m i g h t  b e  e x p e c t e d ,  o w i n g  t o  t h e  s t r o n g ,  
c r o s s e d  p r o j e c t i o n  o f  t h e  p r e d o r s a l  b u n d l e  f r o m  S C .  
T h e  v i s u a l  s e n s i t i v i t y  o f  s e v e r a l  o f  t h e  N R T P  s a c c a d e  
r e l a t e d  P u r e  B u r s t  u n i t s  i s  v e r y  s i m i l a r  t o  t h o s e  s e e n  i n  
t h e  i n t e r m e d i a t e  l a y e r s  o f  S C .  M o h l e r  a n d  W u r t z  ( 1 9 7 6 )  
f o u n d  s a c c a d e  r e l a t e d  u n i t s  t o  h a v e  a  v i s u a l  c o m p o n e n t  
w h i c h  b e g i n s  3 5  t o  6 0  m s e c ,  a f t e r  p r e s e n t a t i o n  t h e  s a c c a d e  
t a r g e t .  T h e  m a j o r  o u t p u t  o f  N R T P  i s  t o  t h e  c e r e b e l l u m ,  
c o n s i d e r e d  t o  b e  a  s i t e  a t  w h i c h  t h e  f i n e  m o t o r  t u n i n g  
m i g h t  b e  a c c o m p l i s h e d  ( I t o ,  1 9 7 2 ;  R o b i n s o n ,  1 9 7 6 ) .  I t  i s  
t h e r e f o r e  i n t e r e s t i n g  t o  s p e c u l a t e  u p o n  a  m e c h a n i s m  w h i c h  
b y  w a y  o f  a n  e n s e m b l e  o f  t h e s e  v i s u a l / m o t o r  u n i t s -  e a c h  
c a r r y i n g  i n f o r m a t i o n  a s  t o  w h e r e  i n  t h e  v i s u a l  f i e l d  t h e  
t a r g e t  a p p e a r e d  a n d  w h e t h e r  o r  n o t  a n  e y e  m o v e m e n t  t o  t h a t  
r e g i o n  i n d e e d  f o l l o w e d -  c o u l d  b e  d i r e c t l y  i n v o l v e d  i n  t h i s  
t u n i n g  m e c h a n i s m .  
P u r e  B u r s t  u n i t s  a n d  t h e  C e r e b e l l u m :  
R e c o r d i n g s  h a v e  b f e e n  m a d e  o f  p u r e  b u r s t  e l e m e n t s  i n  
t h e  f l o c c u l u s .  M i l e s ,  e t  a l  ( 1 9 3 0 )  f o u n d  t h e s e  t o  b e  i n  t h e  
m i n o r i t y  ( 1 0 % ) .  I n  c o n t r a s t  t o  N R T P  P u r e  B u r s t  u n i t s ,  n o n e  
o f  t h e s e  w e r e  r e p o r t e d  t o  h a v e  m o v e m e n t  f i e l d s  a n d  o n l y  3 7 %  
s h o w e d  s t r o n g  d i r e c t i o n a l  s e n s i t i v i t y .  A l s o  i n  c o n t r a s t  t o  
N R T P  b u r s t  u n i t s , . t h e s e  r e c o r d i n g s  s h o w e d  a  c l e a r  i n c r e a s e  
i n  b u r s t  d u r a t i o n  w i t h  s a c c a d e  d u r a t i o n .  T h e  r a o s t <  s i m i l a r  
r e s u l t  w a s  s e e n  b e t w e e n  t h e  l a t e n c y  m e a s u r e s  f o r  t h e  t w o  
s t r u c t u r e s ,  f o r  t h e  m e a n  d i s c h a r g e  l a t e n c y  o f  f l o c c u l a r  
u n i t s  w a s  r o u g h l y  s y n c h r o n o u s  w i t h  t h e  i n i t i a t i o n  o f  
s a c c a d e s  ( r a n g e  5 &  t o  - 1 0  m s e c . )  
L i s b e r g e r  a n d  F u c h s  ( 1 9 7 8 ) . f o u n d  1 2 % .  o f  t h e  f l o c c u l u s  
r e c o r d i n g s  t o  e x i b i t  p u r e  b u r s t s  f o r  s a c c a d e s .  A g a i n ,  n o  
m o v e m e n t  f i e l d  u n i t s  w e r e  o b s e r v e d .  S e v e n t y - e i g h t  p e r c e n t  
b u r s t  f o r  s a c c a d e s  i n  t h e  " o n "  d i r e c t i o n .  T h e  r e m a i n d e r  
b u r s t  f o r  a l l  d i r e c t i o n s .  L a t e n c i e s  r a n g e d  f r o m  9  t o  2 . 5  
m s e c ,  w i t h  a  m e a n  o f  6 ' . 3 '  m s e c .  T h e s e  f l o c c u l a r  u n i t s  
d i s p l a y e d  a  v e r y  t i g h t  c o r r e l a t i o n  b e t w e e n  s a c c a d e  d u r a t i o n  
a n d  b u r s t  d u r a t i o n  ( r = . 9 5 ) .  T h e  m o v e m e n t  s e n s i t i v i t y  
c h a r a c t e r i s t i c s  o f  f l o c c u l a r  e l e m e n t s  t h e r e f o r e  a p p e a r  t o  
b e  q u i t e  d i f f e r e n t  f r o m  t h o s e  o b s e r v e d  i n  t h e  m a j o r i t y  o f  
p u r e  b u r s t  u n i t s  i n  N R T P  s o  t h a t  f l o c c u l a r  c e l l s  a r e  l i k e l y  
n o t  t o  r e c e i v e  d i r e c t  i n p u t s  f r o m  t h e s e  c e l l s ,  I t  i s  a l s o  
u n l i k e l y  t h a t  t h e s e  N R T P  b u r s t  u n i t s  a r e  t h e  d i r e c t  s o u r c e  
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f o r  t h e  p r e s u m e d  m o s s y  f i b e r  i n p u t  i n t o  L o b u l e s  V I  a n d  V I I  
o f  t h e  v e r m i s .  K a s e , e t  a l  ( 1 9 8 0 )  f o u n d  n o  d i r e c t i o n  
s p e c i f i c i t y  f o r  t h e i r  v e r m a l  b u r s t  u n i t s .  A g a i n , ,  t h e  
s a c c a d e  d u r a t i o n  a n d  b u r s t  d u r a t i o n  w e r e  h i g h l y  c o r r e l a t e d  
( r =  . 8 0 ) .  
S p o n t a n e o u s l y  A c t i v e  u n i t s :  
I n  c o n t r a s t  t o  t h e  P u r e  B u r s t  u n i t s  d e s c r i b e d  a b o v e , ,  
t h e  a c t i v i t y  o f  t h e  B u r s t / S p o n t a n e o u s ,  B u r s t / V T a n i c " ,  a n d  
P a u s e  u n i t s  i n  N R T P  w a s  m o r e  s i m i l a r  t o  t h e  v e r m a l  a n d  
f l o c c u l a r  u n i t s .  I n  p a r t i c u l a r ,  m o s t  c e r e b e l l a r  u n i t s  w i t h  
o n g o i n g  a c t i v i t y  b u r s t  f o r  a  p r e f e r r e d  d i r e c t i o n  a n d  p a u s e d  
f o r  e i t h e r  t h e  o p p o s i t e  d i r e c t i o n  ( m o s t  c e l l s )  o r  a l l  
d i r e c t i o n s .  H o w e v e r ,  . t h e s e  c e r e b e l l a r  u n i t s  t e n d e d  t o  h a v e  
a  h i g h  c o r r e l a t i o n  b e t w e e n  s a c c a d e  d u r a t i o n  a n d  b u r s t  
d u r a t i o n .  A l s o  i n  c o n t r a s t  t o  N R T P  u n i t s ,  a  s t r o n g  e y e  
p o s i t i o n  d e p e n d e n t  r e l a t i o n s h i p  w a s  s e e n  f o r  m o s t  o f  t h e s e  
c e r e b e l l a r  u n i t s .  
SUBB4BX: 
S a c c a d e  r e l a t e d  u n i t s  i n  t h e  N R T P  w e r e  f o u n d  w h i c h  
e i t h e r  d i s p l a y e d  b u r s t s  o f  a c t i v i t y  f o r  s a c c a d e s  a n d  w e r e  
o t h e r w i s e  s i l e n t  ( e x c e p t  f o r  s o m e  v i s u a l l y  s e n s i t i v e  
u n i t s ) , . o r ,  i n  a d d i t i o n  t o  t h e  b u r s t s  f o r  s a c c a d e s ,  s h o w e d  
a c t i v i t y  i n  t h e  i n t e r - s a c c a d i c  i n t e r v a l .  T h e  m a i n  f e a t u r e  
o f  t h e  P u r e  B u r s t  u n i t s  w a s  t h e  m o v e m e n t  f i e l d  
c h a r a c t e r i s t i c  f o u n d  i n  t h e  m a j o r i t y  o f  t h e s e  c e l l s .  T h e  
S p o n t a n e o u s l y  A c t i v e  u n i t s  w e r e  f o u n d  t o  d i f f e r  m a r k e d l y  
f r o m  c e l l  t o  c e l l ;  e x h i b i t i n g  a n  e x t r e m e l y  l o w  f r e q u e n g y  
" s p u t t e r i n g "  ( w h i c h  m a y  h a v e  b e e n  a s s o c i a t e d  w i t h  s a c c a d e s  
b e l o w  t h e  s e n s i t i v i t y  a t  w h i c h  t h e  e y e  m o v e m e n t s  w e r e  
m o n i t o r e d )  t o  a n o t h e r  u n i t s  w h i c h  m a i n t a i n e d  a  v e r y  r e g u l a r  
d i s c h a r g e  r a t e  o f  a r o u n d  5 0  H z . ,  a n d  w h i c h  w a s  u n a f f e c t e d  
b y  f i x a t i o n  p o s i t i o n .  
T h e  p r e s e n t  r e s u l t s  s h o w  t h a t  t h e  N R T P  a n d  t h e  t w o  
s t r u c t u r e s  w i t h  w h i c h  i t  i s  m o s t  i n t i m a t e l y  c o n n e c t e d  
s h a r e  m a n y  c h a r a c t e r i s t i c s .  T h e r e  a p p e a r ,  h o w e v e r ,  . t o  b e  
m a j o r  m o d i f i c a t i o n s  i n  s e l e c t e d  p a r a m e t e r s .  F o r  e x a m p l e ,  
t h e  P u r e  B u r s t  m o v e m e n t  f i e l d  c e l l s  a r e  q u i t e  s i m i l a r  t o  
m a n y  S C  u n i t s .  B u t  t h e  c o m p a r a t i v e l y  l a r g e r  r a n g e  o f  o n s e t  
l a t e n c i e s  f o r  N R T P  -  e x t e n d i n g  i n t o  t h e  i n t r a  s a c c a d i c  
i n t e r v a l  i n  7 0 $ . o f  t h e  c a s e s  e x a m i n e d  -  w o u l d  w e i g h  h e a v i l y  
4 4  
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in any consideration of the functional connectivity of 
these two structures or of the function of the NRTP. Pure 
Burst cells appear to lack the burst duration coding and 
the Spontaneously Active cells appear to lack the strong 
position dependency found in the cerebellum. As the NRTP 
is thought to be an integrative structure deriving its 
inputs from many sources, attention must be given to the 
other motor and sensory systems possibly related to its 
oculomotor function. To this end, simultaneous behavioral 
and electrophysiological mapping recordings should be 
undertaken to determine the connectivity of identified 
classes of cells. 
Tables I-IV 
Selected parameters of NRTP units. 
EIELQ•ISEE: Movement, Sector,. Hemi, or omnidirectional 
QIgection: Right, Left, Up,.or Down saccade components (in 
degrees) as indicated or increasing with extent. 
Lgjency, is in msec, relative to saccade onset, 
negation is in msec, referring to burst duration. 
Eggguency is in pulses per second. 
ggQisrangeof parameter. 
§££ is number of spikes. 
EXXation frequencies are averaged over many positions. 
Negative numbers indicate occurance after saccade 
onset. 
Table I Pure Burst 
Table II Burst/Spontaneous 
Table III Burst/»Tonic" 
Table IV Burst/Pause 
46 
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AVG RNG RNG RNG RNG 





25 9,78 3*28 
29 -48,136' 3,1): 
3*22 
6* -22,18 105,380 
3*15 




90,530 12,44 2,19 
- I K  -46;3< 90,530 10,86*. 2,31: 
14 4,32 125,570 28,48 3*32 
18,75 190,550 14,36' 3*20 
42 -44,256' 2,30 
29 12,100 2,26' 
13: -36',84 2,13' 
7;21: 
1,10 
135,650 16',41: 2,16! 
-18,3' 124,580 15,25 1,7: 
10 -78,27'. 2,1 J: 
90,355 13*64 3*16' 
-4! -10;4. 180,530 8,26'. 2,7! 
-1: -11,14 84,230 25,80 2,9 
TABLE II Burst/Spontaneous units 
FIELD AVG RNG RNG RNG RNG 
UNIT TYPE DIR LAT LAT FREQ . DUR SPK 
1^39-1: M R1 4,15 
1-56-1: S LUinc 9*25 
1-69-2 H Line 2,21. 
1-80-2. S Line 5,25 
1-82-4! -28,-2 80,176' 25,114 2,10 
1r85-5: s LDinc -4 -30,-1: 110,450 33*100 7',17! 
14.87-1:  M L8 D5. -17! -871-1: 60,168 46', 148 4,20 
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TABLE III Burst/^Tonic" units 
RNG RNG 
DUR SPK 
9 , 5 6 * .  3 k  1 5  
3 1 , 7 5  3 * 2 0  
FIX 
FIELD AVG RNG RNG 
UNIT 
FREQ. 
1 - 4 4 - 2  
2 7 :  
1 r 6 5 - 2  
. 3 4  
TYPE DIR LAT LAT FREQ. 
H Rinc 2  - 1 1 , - 2  7 3 * 4 8 0  
S LUinc 1 4  0 , 6 4  7 6 ;  3  8  0  







1 - 8 3 ^ 2  
1 - 8 5 ^ 7 !  
3 0  
DIR 
o m n i 
omni 





1 9 , 8 2  
- 5 6 ' ,  6  4  





1 2 0 , 2 5 0  
8 4 , 1 9 2  
4 9 , 9 0  
RNG 
SPK 
Fig. 1, Photographic reproduction of the computer 
display screen. Tic marks on the top trace indicate the 
occurence of a window discriminated neural event. The 
second trace (ch 1). and third trace (ch 2) represent 
horizontal and vertical components of the eye movement. Up 
is right on the horizontal trace and up is up on the 
vertical trace. The "cross hair" cursor lines are under 
manual control and are used to delineate portions of the 
graphical data. 

5 0  
F i g .  2 .  S a c c a d e  r e l a t e d  u n i t  r e s p o n s e .  A :  t h e  
d i s c h a r g e  p r e c e d e s  a  s p o n t a n e o u s  s a c c a d e  b y  2 8  m s e c .  N o t e  
t h a t  t h e  m a i n  b u r s t  i s  c l o s e l y  t i m e d  t o  t h e  o n s e t  o f  t h e  
s a c c a d e .  B :  t h e  a c t i v i t y  o f  t h e  s a m e  u n i t  t o  b e g i n  7 2  m s e c ,  
b e f o r e  a  d i f f e r e n t  s a c c a d e .  T h e  m a i n  b u r s t ,  . h o w e v e r ,  i s  
s t i l l  c l o s e l y  t i m e d  t o  t h e  s a c c a d e  o n s e t *  

51 :  
F i g .  L o c a t i o n  o f  s a c c a d e  r e l a t e d  u n i t s  i n  t w o  
m o n k e y s  ( F i g s .  A  4  B ) .  
A :  u n i t s  f o r  o n e  m o n k e y  m a p p e d  w i t h  r e g a r d  t o  l o c a t i o n  
e l e c t r o l y t i c  l e s i o n  C l a r g e  o p e n  c i r c l e ) .  
B :  u n i t s  f o r  a  s e c o n d  m o n k e y  m a p p e d  w i t h  r e g a r d  t o  
r e c o r d i n g s  i n  o t h e r  k n o w n  s t r u c t u r e s .  
U n i t  m o v e m e n t  r e s p o n s e  t y p e  a r e  s h o w n  a s  s y m b o l s  
( r e f e r  t o  t a b l e  i n  F i g .  A ) .  M F  r e f e r s  t o  c e l l s  w h i c h  
d i s p l a y e d  a  m o v e m e n t  f i e l d .  

52 
F i g .  4 .  E x a m p l e  o f  f i e l d  p l o t  u s e d  t o  e v a l u a t e  u n i t  
m o v e m e n t  r e s p o n s e  c h a r a c t e r i s t i c s .  E a c h  s e t  o f  n u m b e r s  
r e f e r  t o  t h e  n u m b e r  o f  s p i k e s  a s s o c i a t e d  w i t h  a  s a c c a d i c  
b u r s t .  A :  s a c c a d e s  i n i t i a t e d  f r o m  p r i m a r y  p o s i t i o n  b y  t h e  
r e w a r d  t a r g e t .  M a x i m u m  r e s p o n s e  i s  c e n t e r e d  a t  
a p p r o x i m a t e l y  1 0  d e g r e e s . .  B :  r a n d o m  s a c c a d e s  w i t h  p l o t  
n o r m a l i z e d  ( a t  c e n t e r )  f o r  t h e  p o s i t i o n  f r o m  w h i c h  e y e  
m o v e m e n t s  w e r e  i n i t i a t e d .  M a x i m u m  r e s p o n s e  i s  c e n t e r e d  a t  
a p p r o x i m a t e l y  1 0  d e g r e e s .  
T h e  m a x i m u m  u n i t  a c t i v i t y  p r e c e d e s  s a c c a d e s  t o  t h e  
s a m e  p o s i t i o n  i n  e a c h  p l o t  i n d i c a t i n g  a  r e t i n o t o p i c  m a p p i n g  
o f  m o t o r  a c t i v i t y .  T h i s  a l s o  i n d i c a t e s  t h a t  t h e  m o t o r  
r e s p o n s e  i s  n o t  a p p r e c i a b l y  a l t e r e d  u n d e r  t a r g e t  v e r s u s  
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F i g »  5 .  T w o  p u r e  b u r s t  u n i t s  n o t  e x h i b i t i n g  t h e  
m o v e m e n t  f i e l d  p r o p e r t y  f o r  t h e  n u m b e r  o f  s p i k e s / b u r s t  d i d  
s h o w  s u c h  a  p r o p e r t y  f o r  a v e r a g e  f r e q u e n c y / b u r s t .  A :  p l o t  
o f  n u m b e r  o f  s p i k e s / b u r s t  a s  a  f u n c t i o n  o f  s a c c a d e  
a m p l i t u d e  a n d  d i r e c t i o n .  N o t e  m o n o t o n i c  i n c r e a s e  i n  
d i s c h a r g e  a l o n g  h o r i z o n t a l  a x i s  t o  t h e  r i g h t .  B :  p l o t  o f  
s a m e  u n i t  s h o w i n g  a v e r a g e  f r e q u e n c y / b u r s t .  T h e  n o n ­
m o n o t o n i c  n a t u r e  o f  t h e  m o v e m e n t  f i e l d  i s  s h o w n  t o  p e a k  a t <  
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F i g .  6 ,  S c a t t e r g r a m  o f  b u r s t  d u r a t i o n  a s  a  f u n c t i o n  
o f  s a c c a d i c  a m p l i t u d e .  A :  f o r  t h e  s a m e  u n i t  d e p i c t e d  i n  
F i g .  5 A ,  t h e  b u r s t  d u r a t i o n  d o e s  n o t  a p p e a r  t o  b e  r e l a t e d  
t o  t h e  m o v e m e n t  f i e l d  c e n t e r  ( j u d g e d  t o  l i e  a t  
a p p r o x i m a t e l y  8  t o  t h e  r i g h t  o n  t h e  b a s i s  o f  a v e r a g e  b u r s t  
f r e q u e n c y ) .  T h e  t e n d e n c y  i s  f o r  t h e  d u r a t i o n  t o  i n c r e a s e  
w i t h  s p i k e  n u m b e r  ( o r  s a c c a d i c  a m p l i t u d e ) .  B :  a  d i f f e r e n t  
u n i t  s h o w s  n o  c l e a r  r e l a t i o n  t o  m o v e m e n t  f i e l d  c e n t e r  
( j u d g e d  t o  l i e  a t  a p r o x i m a t e l y  2 . 5 °  t o  t h e  r i g h t  o n  t h e  
b a s i s  o f  a v e r a g e  b h r s t  f r e q u e n c y ) .  
D o t s  r e p r e s e n t  t h e  d u r a t i o n  m e a s u r e m e n t s  w h i c h  f a l l  
w i t h i n  a  6 0 °  s e c t o r  o r i g i n a t i n g  a t  0 ° / 0 °  a n d  e x t e n d i n g  
e q u a l l y  o n  b b t h  s i d e s  o f  t h e  m o v e m e n t  f i e l d  d i r e c t i o n .  
S q u a r e s  a r e  v a l u e s  w h i c h  a r e  i n  t h e  r e m a i n d e r  o f  t h e  








































F i g .  7 i  B u r s t  I n d e x . ( s p i k e s / b u r s t )  i s  p l o t t e d  w i t h  
r e s p e c t  t o  h o r i z o n t a l  a n d  v e r t i c a l  c o m p o n e n t s  o f  
s p o n t a n e o u s  s a c c a d e s  f o r  t w o  p u r e  b u r s t  u n i t s .  T h e  
c o o r d i n a t e  s y s t e m  i s  r e t i n o t o p i c  i n d i c a t i n g  t h e  a m p l i t u d e  
a n d  d i r e c t i o n  o f  t h e  e y e  m o v e m e n t  r e l a t i v e  t o  t h e  p r e v i o u s  
f i x a t i o n  p o s i t i o n .  A :  r e l a t i v e l y  l a r g e r  b f o r s t s  f o r  
s a c c a d e s  o f  l e s s  t h a n  5 °  t o  t h e  r i g h t .  B :  l a r g e r  b u r s t s  
f o r  s a c c a d e s  o f  8 °  t o  t h e  r i g h t .  

56* 
Fig» 8. Five consecutive saccades to a target in the 
unit's movement field (A to E). Note that the activity 
consistently begins around 1Q0 msec, after the target 
displacement (arrow at beginning of trace). Note also that 
the onset of unit activity is unaffected by saccadic 
latency. 







F i g .  9 .  S a m e  d a t a  a s  F i g .  8  b u t  r e p l o t t e d  a s  p e r i  
e v e n t  h i s t o g r a m s .  A :  w h e n  a c t i v i t y  i s  a l i g n e d  o n  t a r g e t  
d i s p l a c e m e n t ,  t h e  p r o f i l e  i s  a  d e n s e  i n c r e a s e  a t  
a p p r o x i m a t e l y  1 0 0  m s e c .  B :  w h e n  a c t i v i t y  i s  a l i g n e d  o n  
s a c c a d e  o n s e t ,  t h e  e a r l y  a c t i v i t y  i s  q u i t e  s c a t t e r e d  -
s h o w i n g  a  w e a k  c o u p l i n g  o f  t h e  e a r l y  a c t i v i t y  t o  t h e  e y e  
m o v e m e n t ,  b u t  a  s t r o n g  l a t e  c o m p o n e n t  c o u p l i n g  t o  t h e  
s a c c a d e .  
R a s t e r  a t  t o p  o f  F i g .  3 A  r e f e r s  t o  n e u r a l  a c t i v i t y  
a l i g n e d  o n  t a r g e t  d i s p l a c e m e n t  ( b e g i n n i n g  o f  t r a c e ) .  
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F i g .  1 0 .  C o m p u t e r  p l o t t e r  o u t p u t  s h o w s  a c t i v i t y  o f  a  
B u r s t / S p o n t a n e o u s  u n i t .  T h e  d i s c h a r g e  i s  s p o r a d i c  a n d  
u n a f f e c t e d  b y  f i x a t i o n  p o s i t i o n .  N o t e  a l s o  t h e  s t r o n g  b u r s t  




H o r i z o n t a l  E y e  
V e r t i c a l  E y e  
T a r g e t  P o s i t i o n  

59 
Fig. 1]; Burst/Spontaneous unit discharge unrelated to 
fixation position. Note low rate and unpredictibility of 
onset of discharge. 
A: vertical position stationary. 
B: horizontal position stationary. 
Eye position at beginning of trace is at primary 
position. 
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F i g .  1 2 .  A c t i v i t y  a s s o c i a t e d  w i t h  e x t r e m e l y  s m a l l  
( 0  1 ° )  v e r t i c a l  r e f i x a t i o n  s a c c a d e s .  N o t e  l o w  r a t e  o f  
u n e v e n  d i s c h a r g e  a s  a  c h a r a c t e r i s t i c  o f  t h i s  c l a s s  o f  u n i t .  

61 
F i g .  1 3 i  B u r s t - p a u s e  s e q u e n c e  f o r  a  B u r s t / S p o n t a n e o u s  
u n i t  i s  s h o w n  f o r  s m a l l  s a c c a d e s  i n  t h e  " c a t c h - u p "  p e r i o d  
d u r i n g  p u r s u i t  t r a c k i n g .  U n i t  h a d  n o  p o s i t i o n  s e n s i t i v i t y  
n o r  w a s  i t  m o d u l a t e d  b y  t h e  p u r s u i t  d y n a m i c s .  
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F i g .  1 * t .  O f t e n , ,  b u r s t - p a u s e  u n i t s  d i d  n o t  s h o w  
m o d u l a t i o n  f o r  s a c c a d e s  m a d e  i n  t h e  d i r e c t i o n  o p p o s i t e  t o  
t h e  b u r s t .  N o t e  a l s o  t h e  s t r o n g e r  b u r s t s  f o r  t h e  t w o  
s m a l l e r  s a c c a d e s  a s  o p p o s e d  t o  t h e  l a r g e r  o n e  t h u s  
i n d i c a t i n g  a  m o v e m e n t  f i e l d  f o r  t h i s  u n i t .  






6  3 1  
F i g .  1 5 .  B u r s t / S p o n t a n e o u s  P u r s u i t  u n i t  d i s p l a y i n g  a  
s p o r a t i c  d i s c h a r g e  d u r i n g  f i x a t i o n ,  a  b u r s t  d i s c h a r g e  f o r  
s a c c a d e s  i n  c e r t a i n  d i r e c t i o n s , . a n d  a  s t r o n g  m o d u l a t i o n  
d u r i n g  s m o o t h  p u r s u i t .  A :  t h e  s a c c a d i c  f i e l d  c h a r a c t e r i s t i c  
o f  o n e  u n i t  o f  t h i s  t y p e  b u r s t i n g  f o r  s a c c a d e s  i n t o  t h e  
l e f t  h e m i f i e l d .  B :  t h e  i n s t a n t a n e o u s  f r e q u e n c y  p r o f i l e  f o r  
t h i s  s a m e  u n i t  d u r i n g  p u r s u i t .  D i s c h a r g e  s l i g h t l y  l e a d s  
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Fig. 16'. Burst/Spontaneous Pursuit unit modulated A: 
during pursuit of discrete target where retinal slip was 
low or B: during fixation when retinal slip was high. This 
may indicate either that the unit saturates at a very low 
slip velocity, or that a motor component in also present. 
The moving target could be directed to any part of the 
visual field and continue to modulate the unit. The salient 
feature of the stimulus may therefore be acceleration. 
HE, VIS, and IR are Horizontal Eye, Visual Target,. 
and Instantaneous Impulse Rate, respectively. 




F i g ,  1 7 i  B u r s t / T o n i c  u n i t  w i t h  d i s c h a r g e  d u r i n g  
i n t e r s a ccadic interval unrelated to fixation position. The 
f i r s t  t h r e e  s t e a d y  f i x a t i o n  p o s i t i o n s  d i f f e r  g r e a t l y  i n  
h o r i z o n t a l  a n d  v e r t i c a l  f i x a t i o n  p o s i t i o n s .  T h e r e  i s  
e s s e n t i a l l y  n o  d i f f e r e n c e  i n  t h e  o n g o i n g  d i s c h a r g e  r a t e .  
mm L U  " i i u  
4 
.5 sec 
6 6 "  
F i g .  1 8 .  B u r s t / ' 1  T o n i c "  u n i t  w i t h  a  b u r s t — p a u s e  
s e q u e n c e  i s  m o d u l a t e d  b y  f i x a t i o n  p o s i t i o n .  T h i s  u n i t  
b e c o m e s  c o m p l e t e l y  i n a c t i v e  f o r  a  l a r g e  e y e  f i x a t i o n  
p o s i t i o n  s h i f t .  




6 7 :  
F i g .  1 9 k  B u r s t / < ' T o n i c "  u n i t  s h o w s  a  l o o s e  p o s i t i o n  
s e n s i t i v i t y  ( a s  e v a l u a t e d  b y  t h e  a v e r a g e  s p i k e  f r e q u e n c y  
o v e r  o n e  s e c o n d  i n t e r v a l s )  a n d  a n  u n p r e d i c t a b e  b u r s t - p a u s e  
s e q u e n c e  f o r  d o w n w a r d  s a c c a d e s .  

68 
Fig. 20. Pause unit displays a discharge pattern 
associated with a complex; of eyemovements. A: pursuit 
dynamics increase discharge during rightward turn around 
to left peak. Also evident are numerous pauses associated 
with rightward "catch up" saccades. B: average discharge 
rate is related to fixation position. C: detail of B shows 
a small burst for the downward saccade. 














6 9  
F i g .  2 1 ,  S a m e  u n i t  a s  F i g .  2 0  .  S h o w s  d i s c h a r g e  
s e n s i t i v i t y  f o r  t w o  f i x a t i o n  p o s i t i o n s  a l o n g  t h e  v e r t i c a l  
m e r i d i a n .  E a c h  p o i n t  r e p r e s e n t s  t h e  a v e r a g e  f r e q u e n c y  o v e r  
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F i g .  2 2 .  T a r g e t  V i s u a l  u n i t  i s  t o n i c a l l y  a c t i v a t e d  b y  
t h e  a p p e a r a n c e  o f  t h e  v i s u a l  t a r g e t .  A :  a  r e s p o n s e  o n s e t  a t  
a p p r o x i m a t e l y  2 0 0  m s e c ,  p r i o r  t o  t h e  f i r s t  ( f i x a t i o n )  
s a c c a d e  d i r e c t e d  t o  p r i m a r y  p o s i t i o n .  A c t i v i t y  a p p e a r s  
c o i n c i d e n t  w i t h  t a r g e t  i l l u m i n a t i o n  ( a r r o w  a t  b e g i n n i n g  o f  
t r a c e ) .  A c t i v i t y  c e a s e s  9 0  m s e c ,  p r i o r  t o  t h e  s e c o n d  
( r e f i x a t i o n )  s a c c a d e  i n i t i a t e d  b y  t a r g e t  d i s p l a c e m e n t .  
S i x t e e n  m s e c ,  a f t e r  r e f i x a t i o n  a c t i v i t y  r e s u m e s  a n d  i s  
m a i n t a i n e d  u n t i l  t h e  t a r g e t  i s  e x t i n g u i s h e d  a t  t h e  e n d  o f  
t h e  t r i a l  ( s e c o n d  a r r o w ) .  
F i g u r e s  2 2 B  a n d  2 2 C  s h o w  s i m i l a r  r e s u l t s  f o r  t r i a l s  i n  
w h i c h  t h e  t a r g e t  w a s  d i r e c t e d  t o  o t h e r  p a r t s  o f  t h e  v i s u a l  
f i e l d .  T h e  p r e s e n c e  o f  t h e  t a r g e t  a n y w h e r e  i n  t h e  v i s u a l  
f i e l d  a p p e a r s ,  h o w e v e r ,  n o t  t o  b e  a  s u f f i c i e n t  c o n d i t i o n  
f o r  e x c i t i n g  t h i s  u n i t .  N o t e  t h a t  i n  F i g .  2 2 C  t h e  o n s e t  o f  
a c t i v i t y  d o e s  n o t  o c c u r  u n t i l  a f t e r  t h e  s a c c a d e s  ( i n i t i a t e d  
b y  t h e  o n s e t  o f  t h e  t a r g e t  i l l u m i n a t i o n )  h a v e  b r o u g h t  t h e  




P i f i *  2 3 ^  M e a n s  ( d o t s ) f  R a n g e s  ( l i n o s ) f  a n d  V a r i a n c e  
( t i c  m a r k s )  o f  l a t e n c i e s  f o r  t h e  t y p e  o f  s a c c a d i c  u n i t s  
e n c o u n t e r e d  i n  N R T P .  T h i c k  l i n e s  a r e  m o v e m e n t  f i e l d  u n i t s  
a n d  t h i n  l i n e s  a r e  a l l  o t h e r s .  D a s h e d  v e r t i c a l  l i n e  a t  t i m e  
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